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(1) Name, address, and telephone number o f  the owner or operator; 
(2) Name, address, and tolephone numer o f  the fac i l i ty ;  
(3)  Data, time, and type of incident (t.g., f i re,  W 7 0 S f O n ) ;  
(4) Name and quantfty o f  material(s) involved; 
(5)  The extent or' injuries, if any; 
(6) An asaessaent o f  actual or potential iarardm to human health 

or the environment, where th i s  I S  appiicable; and 
( 7 )  Estimated quantity and disposition o f  recivered matertal that 

result& from the incident.' 

PWCS a, 1989 

R C U  Contingency Plan 
Imp7 eaentation Report No. 83-001 

RCEZA CONTINGEf(CY P U N  
IMPLEMENTATION REWRT 

R O C ? ?  FIATS PLAM 
EPA ID WIER u~~8~ooxaszs 

This  report is made in  compliance with the requirements o f  6 CC2 
1007-3, Part 265.56(j) for a written report within IS days o f  the 
implementation of the RCM Contingency Plan. The requtreaents for 
this report are given below, and will be addressed in the order 
listed, exceqted from 6 CCR 1007-3, Part  265.56: 

'(3). . . . Within IS days after the incident, he must submit a 
wrttten report on the incident to the Department. The report must 
i ncl ude: 

... 

INCIDENT ON OR ABotrr FE3RLJAfZY 23, 1989 

(1) Name, address and telephone number o f  the owner a i  the 
fact l i ty:  

United States Oepartnent o f  Energy 
Rocky f l a t  Plant 
P. 0 .  80x 928 
Golden, CO SO402 
303-966 -2025 

Fac i l i t y  Contact: 
A. E. Whitman, Area Manager 

1 
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(2) Name, address, and' telephone nunoer or' the i a c i l i  ty: 

U. S. Depar*;nent of Energy 
Rocky Flats Plant 
P. 0. Box 923 
Golden, CO 80402 
303 - 960'-202S 

(3) Date, Time and Type of Incident: 

The f i r s t  indication of an incident was the observation of a 
"greenish substance" in the sewage treatrnent plant (STP) on 
February 23, 1989. The ini t ia l  assumption made was that 
antifreera or a dye penetrant had been discharged into the 
srni tary sewer systaa. Subsequent analyses of sanmles from 
the Si? failed t o  confin! this init ial  assmotion. Further 
samoles were collected and analyzsd f o r  HSt metals. On 
P=ruary 2E7, the results o f  the analysrs o f  a STP influent 

grab smote  indicated total chromium i n  a concgntratfon o f  13 
ppm. These results were reconfirmed on Marc!! 2, when 
laboratory analyses o f  a STP effluent grab sample indicatad 
total c9romium in a concmtration of 2 ppm. 

An extensive investigation was init iaWrMarch I i n  order t o  
isolats  the suurca o f  the caromium. I t  was soon learnad that 
an incident involving the over- f i l l ing o f  a hazardous waste 
tank locatsd in  Building 444 occwred the evening o f  Februar 
_. 22 and the atoning of -. This tank receives l+ iqui  
acidic wastes (containing chromium) from plating operatlons 
i n  6urlding 444. 

- 

A t  this point, it is believed that a fauczt, wbich feeds into 
a bath o f  cilrarnic acid solution in the plating lab, vas not 
turned o f f  wnen the emloyets left a t  the tnd o f  their sh i f t  
on Feoruar.1 22. This incident caused the bath or' solution t o  
over;low and emty into a trougn whicn leads to  the RC.A 
tank which then over-toopecf, spilling waste in to  the 
sscondary containmenr ben. The berm was then over-topped 
and waste s t i f l e d  o n t o  the room f l oor  and into a sump. 
Indications in that the tank hign-level visual light a l a n  
was active ana the audio a l a n  was o f f  b u t  on check-out was 
found t o  be functional. 

Following clean-uo o f  the s o i l l e d  wastt on February 23, a 
t a s t  was conducttd on 1Yarcn 6 in an a t t m o t  t o  discover how 
the waste r t a a e d  the ST?. This tast consistad o f  recreating 
the incideit by f i l l i n g  the secondary containment and 
covering the room f l oo r  with wattr containing a blue dye. 

2 
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The dyed water was l e f t  overnight i n  the secondary 
containment and on the f l o o r  o f  the room. On March 7, i t  was 
discovered that  the water level i n  the sacondary containment 
dropped 12 inches. Additionally, dye Was found in the 
footing drain. 

Therefore, i t  is  believed t h a t  the tanks' secondary 
containment fa i led releasing the waste t o  a f o o t i n g  drain 
beneath the b u i l d i n g  which leads t o  the STP. 

Platfng operations involving the chromic acid solution in 
Building 444 have craszd until the appropriate waste transfer 
proczdures are implemented. Additionally, the sumo wnich i s  
used t o  pump water frum the foot ing drain t o  the STP has been 
re-piped so that  the water i s  now directed t o  the plant's 
procgss waste treatment system Furthermore, a c t i o n  will be 
taken t o  repair the tank's secondary containment, alann the 
sumo locattd w i t h i n  the sacmdary containment ben,  and 
ins ta l l  autcmatic water shut-off controls on the plating 
bath.  

( 4 )  Name and Quantity o f  Haterrals Involved: 

The nratarial involved in this incident is hexavalent 
chromium. The quant i ty  o f  total chromium believed released 
frum the STP t o  the 8-3 and 8-5 ponds fs estimated t o  be 4 . 7  
pounds. The plating solution b a t h  in the Iaooratory 
typically contains 100 pounds o f  chromium i n  95 gallons or' 
solution. I t  is assunred much o f  the chromium renaine4 i n  the 
plating solution bath, the tanks and w i t h i n  the ben. 

Extent of injuries:  

No injurtes occurred during this incrdent. 

(6) An Assassiaent o f  Actual or Pottntial Threat t o  Human Health 
and the Environment: 

a) Actual o r  Potential Threats t o  Human Health: 

The watt2 materials involved i n  this incident could be 
an Internal hazard t o  the human body i f  there had been 
ooportunity for human intake o f  the mattrial. fhe 
carornium, af ter  travelling through the STP, was sent t o  
Pond 8-3, the ground adjacsnt t o  8-5 (North and South 
Sprayfields),  and eventually t o  B-S. Results from grab  
samlet collected March I from Ponds 8-3 and 8 - j  
indicate .19 o19/1 and .08 mg/7 total chromium, 
respectively. 

3 
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Sinca the cbromium appears t o  be contained i n  the 8-3 
and 8-5 ponds, there does not appear t o  be an actua1 o r  
potential threat  t o  human health. 

(b) Actual or Potential Threats t o  the Environment: 

As of March 8, the chromim residing i n  Ponds 8-3 and 
8-5, as detemined by grab samples, ranges in 
conctntration from just below t o  just above EPA's 
Primary Drinking Water Standards (.OS q/ l ) .  

I t  should be noted that Ponds 8-3 and 8-5 are consided 
Low-Priority Solid Wasta Management Units and ore 
targeted for investigation i n  the not-too-distant 
future. The investigation will now include an 
asscssment o f  chromium contamination o f  the ponds, as 
well as the North and South Sprayfields. 

Therefore, based on current knowledge, a potential 
environmental imoact may have occurred and this impact 
will be addressed fully during the plant's futura 
cnvi ronmental clean-up program. 

Estimated Quantity and Oisposition or' Recavered Matenil that 
Resulted from the Incident: 

(7) 

The spilled l i q u i d  waste i n  the secondary containment bem 
and the room's f loor was pumped t o  374 for treatment. I t  i s  
not known the quantity o f  ehrolaium treatad. Undoubtedly, 
some chromium will be found i n  the STP sludge, Samples will 
be taken and analyzed for chromium content. Additionally, 
EP toxicity tests  will be conducted on the sludge t o  
determine if i t  f s  now a eiiaractaristic hazardous waste. 
I 

.- 
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RCRA CONTINGENCY PLAN 
Implementation Report No. 89-0010 

RCRA CONTINGENCY PLAN 
IMPLEMENTATION REPORT 

ROCKY FLATS PLANT 
EPA I D  NUMBER C07890010526 

I 
This report i s  made i n  compliance with the requirements o f  6 CCR 1007-3, Part 
265.56(~)  f o r  a written report within 15 days o f  the implementation o f  the RCRA 

addressed i n  the order l i s ted,  excerpted from 6 CCR 1007-3, Part 265.S6: 
I Contingency Plan. The requirements for th i s  report are given below, and w i l l  be 

"(J) . . . Within 15 days after  the incident, he must submit a written report 
on the incident to the Department. The report must include: 

(1) Name, address, and telephone number o f  the owner or operator; 
( 2 )  Name, address and telephone number o f  the faci l i ty;  
(3) Date, time, and type o f  incident (e.g., f i re,  explosion); 
(4 )  Name and quantity o f  material(s) involved; 
(5) The extent o f  injur ies,  if any; 
(6) An assessment o f  actual o r  potential hazards to human health or the 

environment, where t h i s  i s  applicable; and 
(7)  Estimated quantity and disposit ion o f  recovered material that resulted from 

the incident. " 

I (1) Name, address and telephone number o f  the Owner o f  the fac i l l ty :  

United States Department o f  Energy 
Rocky F lats  Plant 
Post Office Box 928 
Golden, Colorado 80402 

(303) 966-2025 I 

Fac i l i t y  Contract: 
Edward S. Goldberg, Acting Area Manager 

(2)  Name, address and telephone number o f  the faci l i ty:  

U. S. Department of  Energy 
Rocky F lats  Plant 
Post Office Box 928 
Golden, CO 80402 



(3) Date, time and type of incident: 

(A) Description 

On July 7, 1989, at approximately 1200 hours, an operator f rom Liquid 
Waste Operations was requested to set-up the valving on the 1-2 and 
T-3 Process Waste Storage Tanks so that 1-2 would receive l iqu id  
process waste and the high level alarm could be checked. The operator 
closed the valve on top o f  1-3 thereby purportedly directing the 
l i qu id  waste flow to  1-2 tank. The operator then vacated the area 
to  attend other task assignments. A t  approximately 1415 hours, i t  
was discovered that the continuous flow fabric f i l t e r  i n  Room 1 o f  
Building 444 was overflowing. Liquid had sp i l led  onto the f loor i n  
the immediate area o f  the filter. 

Radiation Monitoring, Health, Safety & Environment, Safety Review 
Group, RCRA/CERCLA Programs and the Shift Superintendent were notif ied 
immediately. 

(8) Corrective Action 

Liquid Waste Operations was also notif ied. 

The manifold control valve a t  the continuous flow fabric f i l t e r  was 
positioned i n  the correct position i n  order for the f i l t e r  t o  direct 
the process waste to Process Waste Storage Tank 1-2. 

Uti1 i ty  operators imnediately cleaned up the 1 iquid with a wet vacuum. 
The l i qu id  from the wet vacuum was emptied into the f i l t e r  sump and 
from there it was pumped into 1-2. 

(4) Name and quantity o f  materials involved: 

The material involved was low-level radioactively contaminated 1 iquid 
pracess waste that i s  generated i n  Building 444. This waste i s  made up 
o f  cooling water fo r  machinery and scrubber water from Building 444 
processes. The quantity o f  l iquid spil led was estimated to  be 25 gallons. 
The waste was sampled jus t  pr ior  to  the incident and the resu l t s  of  the 
analyses are as follows: 

Gross Alpha - 1.5 X IO3 pCi/1 
PH - 7.0  
Beryllium - c 0.1 ppm 

(5)  Extent o f  injur ies:  

No injur ies  occurred as a result  o f  th i s  incident. 



(6) An assessment o f  actual or potential threat t o  human health and the 
environment: 

The material involved i n  this incident was, for the most part, water. The 
area was cleaned and the waste poured back i n t o  the sump tank and pumped 
into Tank T-2. Therefore, there does not appear t o  be an actual o r  
potential threat t o  the environment or hman health. 

(7) Estimated quantity and disposition o f  recovered material that resulted from 
the i nci dent: 

Approximately 25 gallons of  low-level process waste (water) was 
reintroduced into the process waste system. 
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RCRA CONTIN6ENCY PLAN 
Implementation Report No. 89-013 

RCRA CONTIN6ENCY PLAN 
IMPLEMENTATION REPORT 
ROCKY FLATS PLANT 

EPA ID NUMBER C07890010526 

This report is made in compliance with the requirements of 6 CCR 1007-3, Part 
265.56(j) for a written report within 15 days of the implementation of the RCRA 
Contingency Plan. The requirements for this report are given below, and will be 
addressed in the order listed, excerpted from 6 CCR 1007-3, Part 265.56: 

"(j) . Within 15 days after the incident, he mist submit a written report 
on the incident to the Department. The report must include: 

(1) Name, address, and telephone number o f  the owner or operator; 
(2) Name, address and telephone number of the facility; 
(3) Date, time, and type of incident (e.g., fire, exploston); 
(4) Name and quantity of material(s) involved; 
(5) The extent of injuries, if any; 
(6) An assessment o f  actual or potential hazards to human health or the 

environment, where this is applicable; and 
(7) Estimated quantity and disposition o f  recovered material that resulted from 

the incident." 

(1) Name, address and telephone number of the mer of the facility: 

United States Department of Energy 
Rocky Flats Plant 
Post Office Box 328 
Go1 den, Colorado 80402 

(303) 966-2025 

Faci 1 i ty Contact: 
David P. Simonson, Manager 

(2) Name, address and telephone number o f  the facility: 

U. S. Department o f  Energy 
Rocky Flats Plant 
Post Office Box 928 
Golden, CO 80402 



(3) Date, time and type o f  incident: 

(A) Description 

On September 21,1989, at 12:15 a.m., a utility worker discovered that the 
process waste tanks in Building 887 were full and had over-flowed on to 
the floor. The utility worker inmediately notified the Shift 
Superintendent and Liquid Waste Operations. The utility worker identified 
the source of excess water f l o w  as an acid scrubber system in Room 266, 
Building 881. He closed the supply valve to the scrubber system, thus 
shutting off the supply of process waste to the tanks. 

Liquid Waste Operations pumped the tanks and the overflow to Building 374 
for normal processing. The water on the floor in Building 887 was pumped 
via a sump located in the floor back into the process tanks and then to 
Building 374. All spilled liquid was cleaned up by 7:15 a.m. on 
September 21. 

Radiation Monitoring surveyed the area and detected no radioactive 
contamination. A check of the area by Industrial Hygiene and the HSaE Area 
Safety Engineer showed no other problems and the building was placed back 
in normal operations . 
Uti1 ities personnel subsequently determined that a drain valve had been 
left open after routine maintenance work on the acid scrubber unit in 
Room 266, Building 881. Since the drain valve was open, the 
supply line (normal process water) continued to run until turned 
off by Utilities after the overflow was found. 

(B) Corrective Action: 

The drain valve was closed and the acid scrubber was placed back into 
normal operation. Maintenance, the HSaE Area Safety Engineer, and the 
Building Manager issued a letter to all affected supervision concerning 
the importance o f  conducting a completion review prior to utility systems 
being placed back into operation after maintenance. 

An existing project to install high level alarms in the Building 887 waste 
tanks will be completed by September 30, 1989. 

(4) Name and Quantity of  Haterials Involved: 

The tanks in Building 887 are used to collect process waste from Building 
881. The process waste is made up of a collection o f  sites in Building 
881 including normal acid scrubber overflow, analytical laboratory process 
waste (dilute acid solutions) and sinks/drains from building custodial 
operations. The waste is essentially free of radioactive materials but 
may contain very dilute depleted uranium. 

The total spill to the floor of Building 887 was estimated to be 3500 



gal 1 ons. 

(5) Extent o f  Injuries: 

No injuries occurred during this event. 

Envi ronnsent : 
(6) An Assessment o f  Actual or Potential Threat t o  Human Health and the 

The solution involved was mostly process wastewater and very di luted 
acids. The spill was contained in Building 887 and transferred directly 
back i n t o  the waste tanks and then t o  Building 374 for treatment. No 
material was released t o  the outside environment. Therefore, there does 
not appear t o  be an actual or potential threat t o  human health or the 
environmental. 

(7) Estiarated Quantity and Disposition o f  Recovered Haterial That Resulted 
Frow The Incident: 

Approximately 3500 gallons o f  process waste water was cleaned up (pumped 
back into  waste tanks) and transferred t o  Building 374 for treatment. 



RCRA CONTINGENCY PLAN 
Implementation Report No. 89-014 

RCRA CONTINGENCY PLAN 
IHPLEMENTATION REPORT 
ROCKY FLATS PLANT 

€PA ID NUMBER C07890010526 
This report is made in compliance with the requirements o f  6 CCR 1007-3, Part 
265.56(j) for a written report within 15 days of the implementation o f  the RCRA 
Contingency Plan. The requirements for this report are given below, and will be 
addressed in the order listed, excerpted from 6 CCR 1007-3, Part 265.56: 

"(j) . . . Within IS days after the incident, he must submit a written report 
on the incident to the Department. The report must include: 

(1) Name, address, and telephone number of the owner o r  operator; 
(2) Name, address and telephone number of the facility; 
(3) Date, time, and type o f  incident (e.g., fire, explosion); 
(4) Name and quantity of material($) involved; 
(5) The extent o f  injuries, if any; 
(6) An assessent o f  actual or potential hazards to human health or the 

environment, where this is applicable: and 
(7) Estimated quantity and disposition of recovered material that resulted 

from the incident.' 

(1) Name, address and telephone number o f  the Owner o f  the facilfty: 

United States Department o f  Energy 
Rocky Fl ats Pl ant 
Post Office Box 928 
6olden , Colorado 80402 
(303) 966-2025 

Facil i ty Con tact : 
David P. Sirnonson, Manager 

(2) Name, address and telephone number o f  the fadlity: 

U. S. Department of Energy 
Rocky Flats Plant 
Post Office Box 928 
Golden, CO 80402 



a 

(3) Date, time and type of incident: 

(A) Description 

On Friday, September 29, 1989, at approximately 7:30 a.m., a spill of 
process waste water was discovered in Room 1 of Building 444. The spill 
occurred at a temporary system installed to bypass a fabric filter while 
maintenance work was being performed on the fabric filter. The 
temporary bypass system was installed over a 30-gallon steel drum with a 
plastic bag and sump pump, which was then placed in a 2 X 2 X 4 foot 
wooden box lined with a hand-made plastic lining arrangement, which was 
then located within an existing bermed area. Approximately 65 gallon of 
process waste water was spilled into the beruied area. 

This maintenance work was initiated by Rockwell to a sub-contractor in a 
standard work order form which defined the scope of work. Deviations 
from the original work order which specified a larger box and 55-gallon 
drum were necessary due to the limited working space. It was determined 
that the spill was caused by the inadequate size of the subip pump 
discharge hose and leaking of the box liner. Both of these concerns 
were remedied the day of the spill. The hose size was increased and a 
heavy-duty box liner was installed in the wooden box. 

(B) Corrective Action: 

When the spill was discovered, the Building Manager and Shift 
Superintendent were notified and all activities generating process waste 
water were shut-down. The hose size was increased from the initial 3/4 
inch hose to a 1 1/2 inch hose and a heavy-duty liner (new) was 
installed in the wooden box. 

The deviations to the work order should have been reviewed more 
thoroughly and earlier by Rockuell engineers, prior to use. 
future, more time will be given to adequately plan and set-up this type 
of temporary sy s tera . 

(4) Name and Quantity of Haterials Involved: 

In the 

The spill involved approximately 65 gallons of process waste. The 
process waste is collected from a variety of sites from Building 444. 
The waste contained water, machine oil, and low-levels of depleted 
uranium. 
of radioactivity in the waste water. 

Radiation monitoring noted the presences of very low amounts 

(5) Extent of Injuries: 

No injuries occurred during this event. 
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(6) An Assessmnt of Actual or Potential Threat to Human Health and the 
Environment: 

The s p i l l  was tota l ly  contained in the Room 1 process waste tank benn 
and pumped directly  back into the process waste tanks, (T2 and T3). No 
material was released to the environment, and human contact was 
minimized. Therefore, there does not appear to be an actual or 
potential threat to h w n  health or the environment. 

( 7 )  Estimated Quantity and Disposition of Recovered Haterial That Resulted 
FroRl The Incident: 

Approximately 65 gallons o f  process waste water was cleaned up (pumped 
back into Building 444’s waste tanks) using wet-type vacuums and a sump 
Pump 
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This report i s  made in compliance with the requirements o f  6 CCR 1007-3, Part 
265.56(~) for a written report within IS days of the implementation o f  the RCRA 
Contingency Plan. The requirements for this report are given below, and will be 
addressed in the order listed, excerpted from 6 CCR 1007-3, Part 265.56: 

"(J) . . Within 15 days after the incident, he must submit a written report 
on the incident to the Department. The report must include: 

(1) Name, address, and telephone number of the owner or operator: 
(2) Name, address and telephone number of the facility; 
(3) Date, time, and type o f  incident (e.g.? fire, explosion); 
(4) Name and quantity of mterial(s) involved; 
(5) The extent o f  injuries, if any; 
(6) An assessment o f  actual or potential hazards to human health or the 

environment, where this is applicable; and 
(7) Estimated quantity and disposition of recovered material that resulted 

from the incident." - 

(1) Name, address and telephone nuasbet o f  the owner of the facility: 

United States Department of Energy 
Rocky Flats Plant 
Post Office Box 928 
Go1 den, Col orado 80402 

(303) 966-2025 

Facility Contact: 
David P. Simnson, Manager 

(2) Name, address and telephone number of the facility: 

U. S. Oepar tment of Energy 
Rocky Flats Plant 
Post Office Box 928 
Golden, CO 80402 
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(3) Date, time and type o f  incident: 

(A) Description 

On Wednesday, October 25, 1989 at approximately 4:30 a.m., an 
overflow o f  process waste water from a Fume Scrubber Tank i n  Room 
204 o f  Building 444 was discovered by a Ut i l i t i e s  technician on a 
routine walk-through. 
two events. F i r s t l y ,  a f loat valve on the Funre Scrubber Tank had 
broken and allowed the scrubber reservoir to fill up, unchecked, 
with water. Secondly, a hand-operated valve on an emergency 
overflow pipe had been inadvertently l e f t  in the "closed' position. 

The overflow was detemined to be caused by 

Under noma1 operating conditions, excess waste water flows out o f  
the Scrubber and into the process,waste water drain system. I n  
this case, process waste water bu i l t  up in the Scrubber Tank and 
eventually entered an a i r  duct which i s  a part o f  the ventilation 
f o r  the scrubbing process. Approximately 2000 gallons o f  water 
leaked from a seal in the duct onto the floor of  Room 204 before 
the leak was discovered. Some o f  the waste water reached a 
sanitary sewer drain located approximately 8-10 feet from the 
Scrubber. Leakage from the a i r  duct also drained into the women's 
locker room on the f l o o r  below. S p i l l  solution i n  this area may 
have also discharged to  a sanitary sewer drain. 

The Ut i l i t i e s  technician conducting the routine wal k-through 
immediately shut-off the water supply to the Scrubber, and notified 
the Shift  Superintendent and the Building knager.  Laboratory 
samples of  the l i q u i d  were collected and the building was secured 
unti l  results o f  the analyses were available. At the time of  the 
incident there were no workers i n  the imnediate area. The Building 
Manager had the Room 204 process area, the women's restroom, and 
the cafeteria closed o f f  from a l l  non-essential personnel. 

Radiation monitoring, sp i l l  sample collection, and the cleanup 
act iv it ies  were completed by approximately 10:30 a.m. 
respirators were used as a precautionary measure during the 
cleanup. Cleanup was accomplished using a wet vacuum, and the 
collected solutton was transferred into the process waste l ine  and 
eventually sent to  Building 374 fo r  treatment. Subsequent 
laboratory analyses indicated that radfation levels, pH, and 
chemical constituents o f  the s p i l l  solution were within acceptable 
limits for discharge to the process waste system. Work areas were 
re-opened to personnel as the cleanup proceeded, and monitoring 
showed the areas to be acceptable for  occupancy. 

Full  -face 



(B) Corrective Action: 

When the spill was discovered, the Shift Superintendent and 
Building Manager were imnediately notified, the source of process 
water was shut off, samples were collected for lab analysis, 
personnel were not allowed into the spill areas, and necessary 
cleanup was conducted. Environmental Hanagement instructed the 
Sewage Treatment P1 ant (STP) personnel to shut down spray 
irrigation operations and to hold all non-PSZ (Perimeter Security 
Zone) sanitary sewage flow, including Building 444, within the 
holding basins by Building 990. This isolated any further flow of 
the spill solution to the STP. 

Environmental Management a1 so had samples taken for radioactivity, 
and the initial gross alpha and gross beta screening results from 
the basins were between 60 and 100 pCi/ l .  These screening results 
would also include naturally-occuring, short-1 ived alpha and beta 
rad i oac t i vi ty . 
In addition, the following corrective actions were taken and/or 
identified : 

Engineering i s  designing a change in the current piping to 
eliminate the valve in the overflow line. 

A work order has been placed with Engineering to improve the 
quality and performance of the current float valve design, 
which is of the domestic toilet-type concept and of a material 
susceptible to corrosion in the acidic environment of the 
scrubber. 

A work order has been placed with Engineering to redesign the 
sanitary drain system in the area of the scrubber to flow into 
the process waste system. 

An existing tank task team will evaluate this incident and act 
on the need for the addition of high-level alann(s), or flow 
indicators on this system to provide an early warning of 
probl ems. 

A detailed procedure will be developed and implemented to 
check the system periodically for proper operation. 

(4) Name and Quantity of Haterials Involved: 

The spill involved approximately 2000 gallons of solution which 
consisted primarily of nitric acid, fluosilicic acid, caustic soda 
(added to balance the pH) and water. The spill solution (taken from the 
spill material in the building) had a pH of 5, and contained 4300 pCi/1 
gross alpha and 6700 pCi/l gross beta. 



(5)  Extent o f  Injuries: 

No injuries occurred during this event. 
equipment, 

There was also no loss o f  

(6) An Assessment o f  Actual or Potential Threat to Hrrman Health and the 
Envi roruaent : 

The spill solution involved in this incident was essentially water, 
nitric a c i d ,  fiuosilicic acid, and caustic soda which had a pH o f  5 and 
in i t ia l  count of 4300 pCi/l gross alpha, and 6700 gross p C i / l  beta 
radioactivity levels w i t h i n  the building. The volume of solution that 
overflowed was approximately 2000 gallons. Most o f  the volume was 
contained in Room 204; however, some o f  the solution i s  thought to  have 
entered the sanitary sewer system. However, the unknown quantity o f  
spill solution that entered the sanitary sewer system was, f o r  the most 
part, isolated in the holding basins. Also, the initial gross alpha and 
gross beta screening results for the North and South retention basins 
were between 60 and 100 p C i / l .  These results included naturally- 
occuring short-lived alpha/beta radioactivity. A second, more sensitive 
analysis, was done using longer count times for both basins w i t h  results 
below the control guides o f  40 pCi/l tota l  long-lived gross alpha and 50 
pCi/l tota l  long-lived gross beta. 

( 7 )  Estimated Quantity and Disposition o f  Recovered Material That  Resulted 
From The Incident: 

Approximately 2000 gallons of solution were cleaned up using a wet 
vacuum. The solution was then discharged t o  the process waste system 
which leads t o  Building 374 for liquid waste treatment. 
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RCRA CONTINGENCY PLAN 
IMPLEMENTATION REPORT 

ROCKY FIATS PLANT 
€PA I D  NUMBER C07890010526 

This report i s  made i n  compl iance with the requirements o f  6 CCR 1007-3, Part 
265.56(j) for  a written report within 15 days o f  the iqle!mentatton o f  the RCRA 
Contingency Plan. The requirements f o r  this report are given below, and w i l l  be 
addressed i n  the order l i sted, excerpted from 6 CCR 1007-3, Part 265.56: 

"(j) . . . Within IS days after  the incident, he must submit a written report 
on the incident to the Department. The report must include: 

(1) Name, address, and telephone number o f  the Owner o r  operator; 
(2) Name, address, and telephone number o f  the fac i l i ty ;  
(3) Date, time, and type o f  incident (e.g., f i re,  explosion); 
(4)  Name and quantity o f  material(s) involved; 
(5) The extent o f  injuries, i f  any; 
(6) An assessment o f  actual o r  potential hazards to human health or the 

environment, where th i s  is applicable; and 
(7) Estimated quantity and disposition o f  recovered material that resulted 

from the incident." 

.. 

(1) Name, address and telephone number o f  the m e r  of  the faci l i ty:  

United States Departaent o f  Energy 
Rocky F lats  Plant 
Post Office Box 928 
Go1 den, Col orado 80402 

(303) 966-2025 

Faci 1 i ty Contract : 
David P. Simonson, Manager 

(2) Name, address and telephone number of the facllity: 

U. S. Department o f  Energy 
Rocky Flats  Plant 
Post Office Box 928 
Golden, CO 80402 

Y 
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(3) Date, time and type o f  incident: 

(A) Description: 

On Friday, October 27, 1989, at approximately 1:30 a.m., process 
waste water was noted t o  be overflowing from a tank in Room 139 o f  
Building 883. This over-flow was caused by a malfunction i n  the 
water level sensor f o r  a fume scrubber. This sensor ordinarily 
opens and closes on demand to provide adequate water to the 
scrubber; however, the sensor mal functioned in the 'open" position 
and continued to fill the scrubber until the overflow l i ne  was 
reached. By design, the process water then flowed into holding 
Tanks 1-1 and 1-2 which are adjacent to the scrubber and in a 
bermed area. The f i l l i n g  continued unti l  the 1,200 gallon capacity 
o f  each tank was exceeded, and the solution ran down the side o f  
the tanks into the bermed area. An audio alarm and flashing l ight,  
which detects excess solution i n  the scrubber and the tanks, had 
activated and were noted by U t i l i t y  personnel during a routine walk 
through o f  the area; this area is not occupied or has any regular 
work operation during th i s  period. 

The U t i l i t y  person responded to the alarm, investigated the 
scrubber area, noticed the overflow condition and iaacdiately 
turned o f f  the process water feed l i ne  which stopped the f l o w  to 
the scrubber. The Shift Superintendent and Building knager  were 
also imediate lynot i f ied.  The solution in  Tank T-1 was analyzed 
and found t o  have a pt! level o f  10.2 and was then shipped over to 
Liquid Waste Operations in  Building 374 in a routine manner. When 
Tank T-1 had been adequately emptied, approximately 500 to 600 
gallons o f  solution, which also had a pH o f  10.2, was pumped back 
into Tank T-1 with the sump pump located in the b e d  area. 
Residual solut ion was picked up with a wet vacuua and also placed 
back i n  Tank T-1. The cleanup operation was completed at 
approximafely 1:OO p.m. on Friday, October 27, 1989. 

During the i n i t i a l  investigation o f  t h i s  incident, the Shift 
Superintendent also noticed that a small stream of solution 
approximately one foot wide had ran under the wall of the building, 
onto the outside concrete flooring and part ia l ly  down the side o f  
the same flooring, approximately one foot, but did not reach the 
ground. The solution was determined to be process waste water that 
had 'splattered" out onto the floor during the overflow condition 
o f  the scrubber through a neoprene f i l t e r  which is  a part o f  the 
scrubber a i r  ventilation system. This system i s  approximately 
three feet from the outside wa l l  o f  the metal building with angle 
iron used to attach the wal l  to the concrete floor. The stained 
area was a l so  monitored by Radiation Monitoring, and no 
radioactivity was detected. 
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(B) Corrective Action: 

When the spill was discovered, the Shift Superintendent and 
Building Manager were imediately notified, the source of process 
water was shut off, and the cleanup activities were started. The 
following corrective action steps were taken: 

1. A decision was made to eliminate the automatic water level 
system and to manually fill the Fume Scrubber System. 

2.  A procedure will be written for the manual fill ing o f  the 
scrubber with process water. 

3.  A work order will be written to add a high-level alam in the 
Scrubber System. 

Name and Quantity o f  Haterial Involved: 

The spill involved approximately 500 to 660 gallons o f  solution which 
consisted of neutral ired nitric acid, caustic soda (added manually to 
balance the process system) and process waste water. This solution had 
a pH of 10.2. Radiation Monitoring monitored the benaed area and 
detected very low amounts of radioactivity, which was determined to be 
depleted uranium, The solution which "splatteredm on the f loor  adjacent 
to the scrubber and seeped outside onto the concrete was determined to 
be process waste water, and when monitored by Radiation Monitoring 
showed no radioactivity. 

Extent o f  Injuries: 

No injuries occurred during this incident. Them was also no loss of 
equipment. 

An Assessment o f  Actual or Potential Threat to hman Health and the 

The solution involved in this incident was essentially process waste 
water, neutralized nitric acid, ad caustic sah  which had a pH o f  10.2 
and a very low a u n t  o f  depleted uranium. This solution o f  500 to 600 
gallons was contained inside o f  Rooa 139 o f  Building 883, and was not 
released to the outside environment. 

Environment: I 

The solution which seeped outside on the concrete flooring did not reach 
the ground and was determined to be only non-radioactive process water. 
Therefore, it does not appear that there was a potential threat to human 
health o r  the environment. 

Estfmated Quantity and Disposition of Recovertd Haterial that Resul ted 
From the Incident: 

Approximately 500 to 600 gallons of solution was cleaned up, and the 
contents pumped back into T-1 holding tank using Ule existing sump pump 
and a wet vacuum. 
Waste Operations in Building 374 for further ptocesting. 

This solution was eventually transferred to Liquid 
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RCRACCWMBCYPLAN 
IMPLEMENTATIONREPORT 

ROCKYFLATSPLANT 
EPA ID NUMBER C07890010526 

This report is made in compliance with the requirements of 6 CCR 1007.3, Part 265.56(j) 
for a wntten report within 15 days of the implementation of the RCRA Contingency Plan. The 
requirements for this report are given below, and will be addressed in the order listed, 
excerpted from 6 CCR 1007-3, Part 265.56: 

"(j) . . . . Within 15 days after the incident, he must submit a written 
report on the incident to the Department. The report must include: 

( 1 ) 
( 2 ) 
( 3 ) 
( 4 ) 
( 5 ) 
(6) 

( 7 ) 

Name, address, and telephone number of the owner or operator: 
Name, address, and telephone number of the facility: 
Date, time and types of incident (e.g., fire, explosion): 
Name and quantity of matenal(s) involved; 
The extent of injuries, if any; 
An assessment of actual or potential hazards to human health 
or the environment, where this is applicable; and 
Esttmated quanbty and disposition of recovered material that 
resulted from the inadent." 

Unlted States Department of Energy 
Rocky Fiats Plant 
Post Office Box 928 
Golden, Colorado 80402 

(303) 966 -2025 

Facility Contact. 
Robert M. Nelson, Jr. , Manager 
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( 2 ) Name, address and telephone number of the faality: 

United States Department of Energy 
Rocky Fiats Plant 
Post O f f i  Box 928 
Golden, Colorado 80402 

( 3 ) Date, time and type of incident: 

A. Description: 

a 
At 851 p. m. May 21, 1990 the fire suppression system In Building 444 

Room 245 was automatically activated by a fire centered at line 1, bath 4 
(see attached Floor Plan Room 245). The Rocky Flats Fire Department 
responded and supplemented the room sprinklers with water from fire 
hoses. The fire was extingushed by 9:12 p. m. The cause of the fire IS 
still under investigation. The water from the sprinkler system and the 
fire hoses flooded the floor and the baths in line 1 and line 2. Line 1, bath 
4 contained a gold cyanide plating solution. The overflow from this side of 
the room flowed through floor drains in Room 245 to waste tanks, Tanks 3 
and 4, in Room SA in the basement of Building 444. The baths In line 2 
contained sulfunc acid, hydrochloric aad and nickel and the ovedlow 
from this side of the room flowed through separate floor drams in Room 
245 to waste tanks, Tanks 1 and 2, in Room SA in the basement of 
Building 444. 

The waste tanks overflowed, filled their secondary containment berms, 
and water flowed to the floor of Room SA. After the fire was extinguished, 
Fire Protectron Personnel entered Room SA and when the door was opened, 
water flowed into rooms 9, 10 and 11 creating shallow puddles in these 
rooms. 
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Initial sampling of the water was conducted in the early morning hours of 
May 22, 1990. Preliminary results based on litmus paper tests for pH 
indicated a "zero' for the approximately 1400 gallons of water contained 
in the berm surrounding Tank 1 and Tank 2 (see attached floor Plan Room 
9A.) Later measurements using a pH meter (whlch is more accurate than 
paper) indicated a pH of 2.2. A pH of between 11 and 12 was indicated for 
the approximately 1500 gallons of water contained In the berm 
surrounding Tank 3 and Tank 4 and also for the 2000 to 2500 gallons of 
water on the floor. 

The baths and pipes that were burned were constructed of polypropylene 
and polyvinylchloride (PVC). Small quantities of other plastics may have 
also been consumed in the fire. The quantity of material consumed is 
estimated to be less than 100 pounds. The smoke from the fire would be 
expected to have contained small quantities of hydrochloric add as a 
by-product of combustion. 

6. Follow-up Action 

Blue dye was mixed into the water on the floor of the basement to trace any 
potential leak path through the floor to the building footing drain or to any 
unexpected destination. The building footing drain flows to the liquid 
process waste system in Building 374. No dye was observed outside of 
Building 444 or in the building sump. 

The water in the berms remained visually stable at the top of their 
containment levels for more than 24 hours indicating no leakage. Both 
berms are hypalon lined. The liner integnty was certified by an 
independent professional engineer when they were installed in 1989. The 
integrity of the berms will be confirmed as part of the ongoing fire 
investigation. 

Water from the floor was collected and routed to the liquid process waste 
system for treatment m Building 374. The cleanup activity began on 
second shift May 22, 1990 and was completed the following day. The 
water was segregated from other plant liquid process waste and will be 
sampled again. Those sample results are not yet available. 
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FLOOR PLAN ROOM 9A 
N 

T 
NOTTO SCALE 

ANALYTICAL RESULTS 05/22/90 

TANK 1 alpha - 1.1 xl@pCfR TANK3 Nosamples 
pH -10.8 
Be =<O.l ppn 
Au -<02ppm 
CN =<lppm 

PH == pH-= 
8e =<ai p ~ m  8e=<ai 
pu = < 0 2 p  Pu=mppn m=<1 ppm 

TANK 2 @ha =l.S~102pCJL TANK4 alpha=4.4X102pcill 

BERM TANKS 1 AND 2 BERM TANKS 3 AND 4 
apha =3 O X  102pCJL apha = 3.3 x lO’pCyt 
pH== pH1112 
8e=<QlPpm Be=<O.l Fpm 
Au- OAPpm pu-2Bppn 

CN =53ppm 

FLOOR pH - 12 
F~CN-OFpfTl 

NOTE: All tanks have been resampled for laboratory analyds. 
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There is no evidence of a release from the basement, however, if any 
occurred the building is designed so that a release would be collected by 
the building footing drain. The building footing drain is connected to the 
liquid process waste system. In additmn to these precautions, the contents 
of the sewage treatment plant south holding basin, Pond 6-3 and Pond 6-5 
are being held until sample results can conclusively indicate no 
contamination from the fire suppression water reached the sewage 
treatment plant or the holding ponds. 

( 4 ) Name and quantity of materials involved: 

The material involved was approximately 5000 gallons of fire 
suppression water with dilute contamination as d e s c r i i  below: 

acid and hydrochloric acid solution contarned in the berm surrounding 
Tanks 1 and 2. 

1400 gallons of fire suppresson water contaminated with sulfuric 

4 contained gold cyanide plating solution. 
1500 gallons of water contained in the berm surrounding Tanks 3 and 

the berm surrounding Tanks 3 and 4. 
2000 to 2500 gallons of water on the floor similar to the water in 

The page labeled as 'Floor Plan Room SA" indicates analytical results 
obtained. 

A small, unknown quantity, of hydrochloric acid as a by-product of 
combustion of PVC would be expected to have been released in the smoke 
from the fire. Other products of cornbustion may have been present in 
trace quantities. 

( 5 )  Extent of injuries: 

One employee who observed smoke coming from the building received first- 
aid for eye irritation. Additionally, all eight fire protection personnel 
reported to the Occupational Health Department for a precautionary 
evaluation for exposure to cyanide after the fire was extinguished. The 
results of the evaluation were negative 
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( 6 ) An assessment of actual or potential threat to human health 
and the environment: 

There is no evidence of an actual or potential threat to human health or the 
environment. 

7 ) Estimated quantity and disposition of recovered material that 
resulted from the incident: 

The water was collected by sump pumps and transferred to the liquid 
process waste system for treatment in Building 374. The water that could 
not be pumped was mopped and transferred to the process IiquM waste 
system. Sori material generated during the cleanup was packaged and is 
being handled as low-level waste. The total quantity of water involved in 
the incident is estimated to be about 5000 gallons. Two drums of low- 
level waste were generated. 
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EXECUTIVE SUMMARY 

An aerial radiological survey of the Rocky Flats Plant was conducted during July 1989 by EG&G 

Energy Measurements, Inc. (EG&G/EM) for the United States Department of Energy (DOE) The 

survey consisted of airborne measurements of both natural and man-made gamma radiation from 

the terrain surface in and around the Rocky Flats Plant. These measurements allowed an estimate 

of the distribution of isotope concentrations in the survey area. Results are reported as 

isoradiation contour maps of total terrestrial exposure rate, man-made count rate, Am-241 count 

rate, and Cs-137 count rate isopleths superimposed on aerial photographs of the area Gamma ray 

energy spectra are also presented for the net man-made radionuclides. 

The aerial survey covered an area approximately 9 7 km (6 mi) by 12.9 km (8 mi) for a total survey 

area of 124 sq km (48 sq mi). The aerial survey was completed in six flying days. It required 24 

helicopter flight hours and covered over 1,000 line miles Over75,000data point8 were collected in 

the Rocky Flats area 

The 1989 survey was requested by DOE Headquarters to determine if there were any detectable 

changes in the terrestrial radiation profile of the Rocky Flats area since the routine 1981 survey1 

was conducted 

Germanium detectors and soil samples were also used to verify the aerial data and to increase the 

detectability and spatial resolution of man-made radioisotopes in the survey area The soil sample 

analyses were completed tn March, 1990 The soil sample and m artu data are summarized in 

Appendix A 

iii 
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1.0 INTRODUCTION 

The United States Department of Energy (DOE) maintains an aerial surveillance system, the 

Aerial Measuring System (AMs), which is maintained and operated for DOE by EG&G Energy 

Measurements, Inc (EG&G/EM), an independent uontractor Since its inception in 1958, this 

continuing nationwide program has included radiological surveys of nuclear power plants, 

processing plants for nuclear materials, and research laboratories AMS aircraft have been 

deployed to nuclear accident sites and in searches for lost radioisotopes. These aircraft were 

routinely used during launch operations for Apollo, Viking, and other space vehicles which 

contained radioisotope thermal generators AMS aircraft also are equipped with mapping 

cameras and multispectral camera arrays for aerial photography, a thermal mapper for infrared 

imagery, a broad array of meteorological sensors, and air sampling systems for particulate and 

whole gas measurements All of the survey operations are conducted at the request of federal or 

state agencies and by the direction of DOE 

The aerial radiological survey of the Rocky Flats Plant and surrounding area was conducted 

during July 1989 by EG&G/EM for the DOE The survey consisted of airborne, in srtu, and soil 

sample measurements of the natural and man-made gamma radiation sources from the terrestrial 

surface were measured in and around the plant site. The survey was conducted at the request of 

DOE Headquarters to determine if changes had occurred in the radiation profileof the Rocky Flats 

area as a result of plant operations since a prior survey in 1981. 

Germanium detector measurements were made at 1 0 m above ground level (AGL) to verify the 

aerial data Since the germanium has a lower minimum detectability for Am-241, it was used to 

refine the deposition isopleths both spatially and quantitatively Soil samples were collected at 

each measurement location 
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2.0 ROCKY FLATS SITE DESCRIPTION 

The Rocky Flats Plant is a U S  Government-owned facility for the production of nuclear 

components It is located 16 miles northwest of Denver, Colorado, and is situated almost 
I 

I 

I equidistant (within 10 mi) between Golden and Boulder 

I 
I 

The plant consists of a 255-acre complex of manufacturing, chemical processing, laboratory, and 

support facilities and is situated in the center of a 6,550-acre natural preserve. 
1 

The Rocky Flats Plant is operated by Rockwell International under contract with the US. 

08partment of Energy The primary mission of the plant is the development and production of 

specific components for nuclear weapons. These include components fabricated from plutonium 

as well as uranium, beryllium, and stainless steel, and they are shipped outside Colorado for 

assembly There are no complete nuclear weapon assemblies or nuclear power reactors at Rocky 

I 

1 Flats 

All plutonium operations at the plant are carried out in highly specialized facilities that separate 

the plutonium from the environment. Plutonium operations involve the use of high-precision 

equipment and sophisticated teChfliqu8S for metallurgical casting, rolling, and forming operations, 

for machining, joining and nondestructive testing, and for the chemical operations necessary for 

recovery of plutonium for reuse. 

Americium, an inirowth product of plutonium radioactive decay, is a by-product of the chemical 

recovery operation and is widely used in homeand industrial smoke detectors, in oil and gas well 

logging, and in a variety of other applications Rocky Flats is the principal U S. source of this 

important material 

1 0 There are two fences surrounding the Rocky Flats Plant One is a site perimeter fence that 

I f  encloses the 255-acre manufacturing facility The other fence is a boundary fence that surrounds 
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the manufacturing site as well as a buffer zone that is a square area approximately 2 miles on each 

3.0 SURVEY PLAN 

3.1 Aerial Survey 

The AMS surveys are designed to cover large areas surrounding nuclear facilities. The gamma ray 

spectral data are processed to provide a qualitative and quantitative analysis of the radionuclides 

in the survey area. 

In order to characterize the radiological profile of the Rocky Flats Plant and surrounding area, a 

series of parallel lines were flown over 124 square kilometers (48 square miles) to cover the area of 

interest. Specifically, the survey was oriented to cover the Rocky Flats site and the natural 

drainage area leading awayfrom the plant The flights were conducted at an altitude of 46 m (150 

ft) over lines spaced of 76 m (250 ft) apart. The aircraft speed was 30 m/sec (100 ft/sec).. 

' 0 

All data were scaled to overlay recent photographs (June 1989) of the Rocky Flats area The data 

were analyzed for all man-made gamma ray-emitting radionuclides,. Man-made radionuclides of 

primary concern included in this report are Cs-137 (with a single photopeak at 662 keV) and 

Am-241 (60 keV gamma ray) which is associated with plutonium activity. 

The only practical way to monitor for Pu-239 in the environment is to measure the activity of the 

plutonium daughter product, Am-241. The relationship between Am-241 and Pu-239 is well 

known 23See Appendix A for more detailed information. Any other technique to monitor Pu-239 in 

an area this large would be extremely expensive and take a very long time to take the samples It 

would take even longer to get any results from the analyses. 

3 



The Cs-137 levels in the plant area were also of major concern It had been suggested that a 

"criticality" accident had occurred and released Cs-137 to the environment. Cesium-137 is easy to 

detect in the environment since it has an energetic gamma ray of 662 keV, a relatively high 

percentage of gamma rays per disintegrations (85%) and a long half-life (over 30 years). I f  an 

accident has occurred at the plant, a ground deposition plume would be detectable in the survey 

area. 

I '  

' r  

The actual flight lines flown by the helicopter are shown in Figure 1 

3.2 Ground Measurements 

Germanium detector measurements and soil samples were taken from the same areas outside the 

fence around the Rocky Flats facility that indicated Am-241 activity in the 1981 aerial survey. 

Ground measurements were continued in directions away from the facility until the Am-241 was 

undetectable The first priority was to determine the extent of the deposition in an easterly 

direction and then to determine the northern and southern boundaries 

Measurements were made along Indiana Street to see if Am-241 could be detected at the eastern 

boundary fence of the facility. Measurements were also made on the streams that drain from the 

Rocky Flats Plant. 

4.0 AERIAL SURVEY EQUIPMENT 

A Messerschmitt-Bolkow-Blohm (MBB) BO-105 helicopter (Figure 2) was used for the low 

altitude survey The aircraft carried a crew of two and a lightweight version of the Radiation and 

Envrronrnental Data Acqursition and Recorder (REDAR) system Two detector pods were 0 
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mounted on each side of the helicopter Each contained four 5 08-cm (2-in) thick by 10 16-cm 

&in) wide and 40.64-cm (16-in) long thallium-activated sodium iodide, Nal(TL), detectors 
w 

I The preamplifier signal from each detector was calibrated with Na-22 and Am-241 sources 

Normalized outputs of each detector were combined in an eight-way summing amplifier. Finally, 

the signal was adjusted in the analog-to-digital converter (ADC) so that calibration peaks 

appeared in preselected channels of the multichannel analyzer of the REDAR. 

4.1 REDAR System 

REDAR is a multi-microprocessor, portable data acquisition and real-time analysis system. It has 

been designed to operate in the severe environments associated with platforms such as 

, 

I helicopters, fixed-wing aircraft, and various ground-based vehicles. The system displays all 

required radiation and system information to the operator in real time via a S-inch CRTdisplay and 

multiple LED readouts All pertinent data are recorded on 3M cartridge tapes for post-mission 

analysis on minicomputer systems. . 

I 

1 

The system employs five 2-80 microprocessors with AM9511 arithmetic processing chips to 

perform data collection, data analysis, data display, position and 8teering calculations, and data 

recording These functions are all under operator control The system allows access to the main 

processor buss through both serial and parallel data ports under control of the Control Processor. 
# 

The system consists of the following subsystems 

1, Two independent radiation data collection systems 
1 

2 A general purpose data I/O system 
t 

1 3. A tape recording/playback system 

4 A CRT display system 
I1 

5 A real-time data analysis system 

I* 6 A uhf ranging system (URS) with steering calculation and display 
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The REDAR processing system block diagram is shown in Figure 3 

The multichannel analyzer collected 1,024 channels of gamma ray spectral data (4 0 keV/channel) 

once every second during the survey operation The 1,024 channels of data were sent to the single 

channel processor and were compressed into 256 channels with partitions Table 1 summarizes 

the spectral data compression performed by REDAR. The spectrum was divided into the three 

partitions with the appropriate energy coefficient to make the width of the photopeaks 

approximately the same in each partition. The resolution of Nal(Tt) crystals varies with energy, 

permitting the compression of the spectral data without compromising photopeak Identification 

and stripping techniques In the first partition (channels 0-751, the data were not compressed, 

permitting stripping of low energy photopeaks such as the 60 keV photopeak from Am-241, The 

spectral compression technique reduces the amount of data storage required by a factor of four 

I Table 1. REDAR SDectral Data ComDreulon 

0 -  302 
302 - 1622 

1622 - 4070 
4070 - 4090 

>4090 - Analog 
cutoff 

0-  75 
76- 405 

406 - 1017 
1018 - 1022 

1023 

1024 

Enorgy Cooff Iclont Compror8od 
AE (koV/chmnol) 

4 
12 
38 

N/A 
N/A 

Unused 

0 -  75 
76 - 185 

186 - 253 
254 
256 

256 

The 256 channels of compressed spectral data were acquired every second. The REDAR system 

has two sets of spectral memories. Each memory accumulated four individual spectra The two 

memories were operated in a flip-flop mode, every 4 seconds, for continuous data accumulation. 

While one memory stored data, the other memory transferred data to magnetic tape 

Figure 4 shows the REDAR data acquisition system 
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4.2 Hellcopter Podtloning Method 

The helicopter position was established using two systems. a Del Norte UHF ranging system 

(URS) and an AL-101 radio altimeter The URS master station mounted in the helicopter 
.- 
.- interrogated two remote transceivers outside the survey area By measuring the round-trip 

propagation time between the master and remote stations, the master computed the distance to 

each These distances were recorded on magnetic tape once each second They were converted 

to position coordinates for the steering indicator to direct the aircraft along the programmed flight 

line The radio altimeter similarly measured the time lag for the return of a pulsed signal and 

w- 

I 

. converted this to aircraft altitude. For altitudes up to 610 m (2,000 ft), the accuracy was f0.6 m (2 

ft) or f2%, whichever was greater These altitude data were recorded on magnetic tape so that 

1 variations in gamma signal strength caused by altitude fluctuation8 could be compensated 

m 

The detectors and electronics systems which accumulated and recorded the data are described in 

considerable detail in a previous report 4 .. 
v 

5.0 GROUND MEASUREMENTS AND PROCEDURES 

In eitu measurements were made at 75 locations within the Rocky Flats Plant area to measure 

man-made radionuclide concentrations in the soil. The majority of the measurements were made 

in the northeast and southeast buffer zones outside the Gate 9 perimeter fence, beginning near 

the center of the Rocky Flats site and extending east to the boundary fence line along Indiana 

. 
1 Street Measurements were made at each point where drainage areas and creeks cross Indiana 

Street and other key roadways Several measurements were also made outside the plant boundary 

at the Jefferson County Airport For possible future repeat measurements, each of the 75 
. 

locations was numbered and tagged with white flags to indicate no detectable Am-241 or with 

yellow flags to indicate detectable Am-241 activity. Soil samples were taken at each location to be 

analyzed at EG&G's Santa Barbara Operations Off ice soil sample analysis laboratory. Position 

t 

0 
' 1  



' I  

I 

1 

1 

I 

I 

I 

coordinates were obtained for each location using the same URS remote transponders that 

supplied the position information for the aerial data. 

Gamma ray spectral data were collected with nitrogen-cooled high purity germanium (HPGe) 

detectors The gamma signals were processed using 4,096-channe1, multi-channel analyzers The 

measurements were conducted with two systems. One system was mounted on a 4-wheel drive 

vehicle with the detector suspended from an extendable boom capable of detector heights 

between ground level and 74 meters. The vehicle was also equipped with a generator that 

supplied power to data processing equipment which allowed immediate analysis of the acquired 

data The second system was mounted on a tripod, this system was used in areas where the 

vehicle could not maneuver (i.e., creek beds, culverts, etc.). Figures5 and 6 illustrate the detector 

system setups 

Prior to collecting data each day, the detectors were calibrated with sources measured by or 

traceable to the National Institute of Standards and Technology Periodically, measurements were 

taken in areas where the levels of radiation were typical of the naturally occurring levels in the 

Broomfield, Colorado, area 

In most cases, the data to characterize Am-241 were collected at 61-meter (200-foot) intervals to 

cover the area of interest If Am-241 was detected, the measurements were continued until the 

Am-241 was completely characterized in that area h e . ,  the measurements were continued in all 

directions until the Am-241 was no longer detectable) Data were collected in all locations with 

each detector at a height of 1 meter above the ground To optimize detector sensitivity and data 

collection time, each measurement was made for 900 seconds (15 minutes). Using these 

parameters, the minimum detectable activity (MDA) for surface concentrations of Am-241 was 

0 006 pCi/m2 and 0.1 pCi/g for uniformly distributed Cs-137 Calibration and operating 

procedures for the HPGe detector an artu measurements are described in detail in separate 

publications '** 
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6.0 AERIAL SURVEY DATA I' 

6.1 Data Processing 

Data processing was begun in the field with the Radiation and Environmental Data Analysis and 

Computer (REDAC) system. This is a computer analysis laboratory mounted in a mobile van 

(Figure7) The van and the aircraft were based at JEFFCO Airport in Broomfield, Colorado, during 

the survey operations. 

I- 

I' 

! 

, 

t 

The REDAC system utilizes a Data General Corporation (DGC), 32-bit MV7800-XP minicomputer 

Peripherals include two 800/1,600 BPI Wrack magtape drives, two 1/4-inch digital cassette drives 

(used for reading REOAR tapes), two 554-MByte disk drives, a laser printer, a36-inch incremental 

plotter, a system terminal, and two alphdgraphics CRT display/hardcopy units A block diagram 

of the system is shown in Figure8. The system pro4des full multi-user/multi-task capabilities. An 

extensive set of sfstem and application software packages is available for data analysis. 

Oamma spectral windows can be selected for any portion of the spectrum Weighted combina- 

tions of such windows can be summed or subtracted,and the result can be plotted as a function of 

time or position By the proper selection of windows and weighing factors, it is possible to extract 

the photopeak count rates for radioisotopes deposited on the terrain by human activity Such 

isotopes disturb the pattern of natural soil radioactivity. The8e photopeak count rates can then be 

converted to isotope concentrations or exposure rates. 

The spectral data, which can be summed over any portion of a flight line, can be decompressed 

into a linear plot. The REDAC displays the linear spectral dataor plots it on the incremental plotter 

for isotopic identification 

6.2 Data Analysis 

In general, the aerial radiation data consisted of contributions from the naturally occurring 

radioelements, aircraft and detector background, and cosmic rays. For this survey, the major 
I 
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I* 
emphasis was placed on extracting that component arising from man-made radioactivity Isopleth 

maps were produced by processing the data in different ways' gross count, man-made gross 

count (MMGC), Cs-137, and Am-241 count rate extractions. 

Dkmotor of 
Contaminated Clrcular 

Ana (motor#) 

I 

Cornction 
erctor 

8 6.2.1 Gross Count 

The gross count method was based on the integral counting rate in that portion of the energy 

spectrum between 004 MeV and 3 0  MeV This count rate (measured at survey altitude) was 

converted to exposure rate at the 1 m AGL by application of a predetermined conversion factor. 

This factor assumes a uniformly distributed source covering an area which is large compared with 

the field of view of the detector (approximately 200 to 300 m at the survey altitude of 46 m). For a 

finite source distribution which is small compared to the field of view of the detector system, it is 

necessary to modify the exposure rate values by utilizing the data in Table 2 The exposure rate 

I 

I 

8 

I 

values could be one to two orders of magnitude higher for an area with a source localized in a 

small area 

1 

I 

I Table 2. Correctlon Factors Venus I Area of Contamlnatlon 

5 
10 
25 
so 

100 
200 
300 

00 

300 
100 

I O  
6 5  
2 5  
1.2 
1 0  
1 0  

6.2.2 Man-Made Gross Count 

The MMGC rate algonthm IS designed to sense the presence of changes in spectral shape Large 

changes in gross counting rates from natural radiation usually produce only small changes in 
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spectral shape because the natural emitters change in more or less constant ratio as the detector 

moves from one location to another. The MMGC algorithm senses counts in the lower portion of 

the spectrum in excess of those predicted on the premise that these counts bear a constant ratio to 

counts in the upper portion Since the algorithm is designed to be most sensitive to man-made 

nuclides, the spectrum dividing line is chosen at an energy (1.4 MeV) above which most long lived, 

man-made nuclides do not emit gamma rays It is analytically expressed in MeV as 

@ 
I 

I 

I- 

I 

MMGC = C (0.04 - 140) - K C (1.40 - 3.00) 

I 

I 

The counts in the upper energy window (1.40 to 3.00 MeV) are multiplied by a constant, K, to equal 

the counts in the lower energy window (0.04 to 1.40 MeV), and the resultant MMGC is equal to zero 

for areas containing normal background radiation. 

s 0 Spectral data from the survey revealed that all of the gamma rays from the man-made isotopes had 

energies less than 1 4  MeV. Therefore, the MMGC extraction technique was used to locate 

man-made activity in the survey area 

The man-made gross count algorithm is general and will respond to a wide range of nuclides. The 

result of using this generality is the lack of sensitivity to specific nuclides. If the search nuclide is 

known, more sensitive algorithms can be devised 

6.2.3 Cesium-137 

I The photopeak count rate from Cs-137 was determined by using two spectral windows (see Figure 

9). The cesium photopeak window (A) included counts in the energy range 590 keV through 734 

keV The background window (B) included counts in the range 734 keV through 1,046 keV I. I 
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I , For natural isotopes, the ratio K= A/B is nearly constant, so the counts recorded in B accurately 

predict counts expected in window A Hence. , 

I A cts (predicted) = K X B cts (measured) 

The difference between the A cts (measured) and A cts (predicted) is a measure of the cesium 

counts present: 

Cesium cts = A cts (measured) - A cts (predicted) 

Cesium cts = A cts (measured) - K X B cts (predicted) (3) 

As previously noted, the value of K is obtained from a spectrum over a terrestrial area where 
I 

cesium is totally absent. Because of worldwide fallout, there is virtually no such area, and an 

indirect method must be used Spectral data are summed from the entire area (excluding water 

and other obviously anomalous areas), and a nominal ratio, K, is determined. Using this nominal, 

K, apparent cesium counts are calculated for every survey point. A distribution of these count 
1 ' 

rates is then determined Spectral data is summed from areas exhibiting low apparent cesium 

activity and for areas exhibiting high apparent cesium activity. From these two spectra which 

exhibit different cesium to background activities, two spectra are derived. cesium only and 

1 background only. A new K is then determined from the derived background-only spectrum. This 

new K is then used for final processing of survey data. It should be noted that processing in this 

manner produces a measure of total cesium in the area, not just the deviation from an average 

value 

6.2.4 Arnerlclum-241 

The photopeak count rate from Am-241 was determined using three spectral windows Normally 

occurring background contributions within the Am-241 photopeak window were removed by 

subtracting two weighted background windows located on each side of the photopeak window , 
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The resulting photopeak count rate data could then be converted to isotope concentration on the 

ground 

Table 3 gives the correction factor fora finite Am-241 source which is smaller than the field of view 

of the detector system 

Tabla 3. Flnlte Am-241 Source 
Correctlon Factors Versus 
A n a  of Contamlnatlon 

Soumo Dlrmeier 
(meion) 

Conoctlon 
factor 
37 
9 
3 5  

2 2  
1 6  
1 3  

1 1  
1 0  

6.2.5 Mlnlmum Detectable Actlvlty 

Table 4 indicates the minimum detectable activity for Am-241 and Cs-137 as a function of source 

geometry for the aerial system employed in the Rocky Flats survey The threegeometries assumed 

were. 1) a point source laying on the surface of the ground, 2) a source uniformly distributed on 

the surface of the ground, and 3) asource uniformly distributed both horizontally and vertically in 

the soil 

I 

I 

I 
If the source is not a uniform surface distribution and IS not uniformly distributed in the soil, it must 

be distributed in the soil in some manner in between 

The distributions of a man-madesource released to theenvironment can normally be found in the ! 0 soil with an exponential vertical distribution of concentration The exponential equation is in the 
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Surface Sources 

I Dl8trlbuted 
I 

Volume 
Sourco 

I -  

1 

8 

Polnt 
Sourco 
(mC0 

Table 4. Mlnlmum Detectable Actlvlty for Several 
Selected Radiolrotoper as a Functlon of 
Source Geometries' 

Sourco 
(pCi/mz) 

a=10cm 

Am-241 
CS-137 

~~~~-~~ 

2 9  
0 254 

~ ~ 

0 35 11 2 
0 0259 033 

Anuming a rumy altltudr of 46 mrterr 
** Conversion factor to pCi/g rrlatr to tho rvonge value of a Ccrn 

dnp  aoil sample 

1 form of e-, with alpha (a) being the inverse relaxation depth. At one relaxation depth, that volume 

of soil will contain 63% of the total activity. At a relaxation depth of two, that volume will contain 

86% of the total activity, and at a relaxation depth of three, that volume will contain 86%of the total 
, 
1 

activity 

l'. 

1 Beginning with a vertical concentration distribution. 

f 

I t  

where 

GI = the surface concentration, y/cms-s 

a = exponential concentration factor, cm-1 

z = depth in soil, cm 

the sensitivity of the pods to a monoenergetic gamma distribution may be written 

yhm3 s-cps 
1 - -  co a=-- 

cps x 
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I f  

where 

I a X =  

Ao= 
I 

P. = 

Pr = 

h =  

P=: 

4 [ = e Ft(e) Ph rc e tane de 
2 o + sece 

detector effective area for monoenergetic gamma total absorption in the detector for 

fluence perpendicular to the ground surface, cmz 

relatrve effective area versus the angle, 8, measured from the ground perpendicular to 

the pod 

the air mass attenuation coefficient for the gamma energy in question, cm*/g 

the soil mass attenuation coefficient for the gamma energy in question, cmVg 

the detector (aircraft) altitudes in units of air thickness, g/cm2 

soil density, g/cm3 

r The sensitivity, Sl, may be used to convert a photopeak count rate from the detector or pod output 

to the soil surface concentration, Co. 

In practice, the effective area, Ao, is measured with known point sources of different energies The 

angular factor, R(e), 1s measured and approximated with unity, cosine 8, or a linear combination of 

these to fit an angular response at a given gamma energy. 

Other useful conversions may be obtained from S:. These are. 

1. The sensitivity per unit soil surface area 

2 The sensitivity per untt soil surface mass 

' 0  ylg s cps SP $; - 
P 
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3. The sensitivity to a soil sample of depth z 

1 

I 

It was assumed in Table 4 that no additional shielding existed between the source and the detector 

array It was further assumed that distributed sources were spread over an area comparable to 

several times the survey altitude. 

7.0 AERIAL SURVEY RESULTS 

7.1 Gross Count Exposure Rate 

The gross count exposure rate results are shown in (Figure 10) superimposed on a photograph of 

the Rocky Flats area The exposure rates are expressed in units of microroentgens per hour 

(pR/h) at 1 m AGL and include an assumed cosmic ray exposure rate of 5.6yR/h These results 

also include contributions from any man-made radionuclides that might be present A typical 

background spectrum of the natural radionuclides in the Rocky Flats area is shown in Figure 11 

The range of exposure rates measured in the survey varied from 5 7 to 76 yR/h 

I 

' 

I 

An anomalous area showing high activity from 83-214 (a naturally occurring Ra-226 daughter) 

was located in the southwest corner of the survey area (identified as Area 1 in Figure 10). The 

activity appears to be concentrated in an area less than 200 to 300 meters in diameter, located 

outside the Rocky Flats Plant boundary fence Terrestrial exposure rates from this area are 

comparable to those measured over the facilities at the Rocky Flats Plant The spectral data from 

this area are shown in Figure 12 

7.2 Man-Made Gross Count Isopleth 
i The presence of man-made activity was detected in the immediate vicinity of the Rocky Flats 

I Plant The data in this area have been plotted in an expanded scale for better resolution of the 
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location of the man-made activity. The count rate cannot be converted to any meaningful 

quantifiable results and is used only as an indicator of the presence of man-made isotopes 0 
Figure 13 shows the MMGC resultsexpressed in counts per second The count rate is an indicator 

of the magnitude of the intensity of the sources The spectral data from Areas 2 through 9, as 

identified in Figure 13, are plotted in Figures 14 through 21. The most probable Isotopes 

responsible for the man-made activity are indicated on each spectrum. Isotopes Identified include 

Am-241, Pu-239, and Pa-234m (a daughter product in the uranium decay chain indicating the 

presence of depleted uranium at the facility) 

A net spectrum over an anomalous radiation area is obtained by removing the natural background 

from the spectrum This is accomplished by using the high energy window (1 40 to 3.00 MeV) as a 

background monitor A background spectrum is accumulated in an area that does not indicate 

man-made activity After the spectrum is normalized over the area of interest and the background 

spectrum with the high energy window, the data are subtracted The result is a net spectrum of 

man-made activity 
0 

7.3 Ceslum-137 Ground Deporltlon 

The 1981 survey did not detect any Cs-137 anomalies above worldwide ,allout levels The data 

were processed for Cs-137 activity, but were not published as part of the report because they were 

consistent normal background levels. There was no Indication of a ground deposition of Cs-137 

resulting from plant operations 

The 1989 survey results of the processing for Cs-137 photopeak count rate data are shown in 

Figure 22 To further enhance detectability of low-level, widespread cesium activity, data for the 

survey area were partitioned into areas of 1,OOO ft per side Each of these areas contained 

approximately 32 original data points Averaging these points improved the statistical signalhoise 

ratio for the cesium extraction by a factor of 5.7 (square root of 32)' a significant improvement The 
:. 
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Cs-137 photopeak count rate can be converted to estimated concentration values for various 

source distributions by selecting the appropriate conversion factor in Table 5 a 

Expomntlrf 
Dbtrlbutlon 

Tablo 1. Convonlon Pacton Relating Aortal Photopoak Count Rata Data to Codum-137 Concentration on tha 
around for VarIoty of Source Dbtrlbutlon Qoomtrh8 

Unllorm Volume 
Dlrtrlbutlon 

Convmnnlor 
Polnt bourn on 8UrfKO 

cpa 
Unllorm Sudaeo 

Dlrtrlbutlon 
llcI 

01 lOO(lO-~) 017(103) 
1 0 1 17 (10-3) 7 17 (10-s) 

100 300(103) 700(103) 

n 

1 17(10-2) 733(10') 

D 
It 

Rotur!lon I I I 

0 As an example of the conversion of Cs-137 photopeak count rate (cps) into units of activity, a "C" 

level will be used (that is between 65 and 100 counts per second) which is typical from the survey 

data (see Figure 22) 

I f  it is assumed the activity is "uniform surface distribution" (on the surface of the ground and not 

distributed in the soil), the desired units would be microcuries per meter squared, and the 

conversion factor would be 9.17 X 10-4 pCi/m2 per count per second 

where 

fli/m2 = 00917~Ci/m2 
CDS 

100 cps x 9 17 x 1 0 4  

or a "C" level which is between 0 060 and 0.917 MCi/m2 for a surface source 
' 0  
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If it is assummed the activity is “uniform volume distribution” (uniformly distributed both 

horizontally and vertically in the soil), the desired units would be picocuries per gram of soil, and I 0 
the conversion factor would be 1.17 X 102 picocuries/gram per count per second. 

I 

where 

65 cPS X 1.17 X 102 - pci/g - - 0 76 pCVg 
CP3 

1OOcp8X 117X 10-2 - pc”g - - 1 17 pCi/g 
CPS 

or a “C” level is between 0.76 and 1.17 pCi/g of soil for a volume source. 

The observed cesium levels are consistent with known worldwide levels. Areas where soil 

turnover has occurred since the fallout was produced (Rocky Flats Site, new subdivisions near 

Stanley Lake, etc.) show appreciably lower indications of cesium than undisturbed areas. 

’ 
Cesium-137 activity appears to be uniformly distributed over the entlre Rocky Flats area and, 

again, is consistent with worldwide fallout measured throughout the United States. There is no I 

indication of Cs-137 deposition due to Rocky Flats operations 
I 

I 

7.4 Amerlclum-241 Results 

The photopeak count rates due to Am-241 are plotted in Figure 23 in units of counts per second. 

The count rate data can be converted to estimated concentration values for various source 

distributions by utilizing the conversion factors in Tables 6 and 7. 

I 

Area 10 in Figure 23 did not appear in the MMGC results The Am-241 activity was insufficient to 

be detected using the MMGC extraction technique This area of activity did appear using the 

three-window extraction technique described in Section 6 2 4 The spectral data from Area 10 are 

shown in Figure 24 

f 

‘. I 
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I Table 6. Aerlal Am-241 Convettlon Factors I 
Relaxation 

Depth r (Val 

Infinite 
0 10 
0 50 

1 0  
300 
500 

10 00 
Uniform 

y/cmEsec 

I Sol1 Sample 
Depth 

0&3 
0 0098 
00118 

0.0143 
0 0239 
0.0334 

0 0572 - 

00070 
0 0073 
0 0089 

0 0108 
0 0179 
0 0251 

0 0429 - 

~~~ ~ - 
0.0983 
0 1183 

0 1420 
0 1941 
0 2116 

0 2253 
0 2379 

I Table 7. Aerlal Am-241 Polnt Source I Convenlon Factors 

I Lateral mCI per I Dkplacement 

0 
9 
18 

27 
36 
45 

0 058 
0 061 
0 073 

0 097 
0 137 
0 200 

~~~~ ~ ~~ ~ 

'Auuming (in (iircnft voloclty of 31 m/nc and (in 
(iltltuda of 46 m 

The following are examples of application of conversion factors to aerial survey data 

a. Distributed Source (Table6)-Assumming a relaxation depth of 10 0 cm, and for asoil sample 

depth of 10 cm the conversion factor would be 0 1809 pCi/g per count per second in the 

detector system. A "C" level (120-240 cps) from the aerial system would equate to 

120 cps xo  leos - pci/g * 21 7 pci/g 
CPS 

~~~~~ - 
0 0491 
0 0592 

0 0715 
0 1154 
0 1448 

0 1809 
0 2379 

240 CPS X 0 1809 - pci'g - - 43 4 pcvg 
CPS 
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b Point Source (Table 7)-Again assumming a "C" level (120-240 cps) with a point source 

directly below the aircraft (lateral displacement of 0 )  would use 0058 mCi/cps as the 

convenon factor or. 

8 

120 CPS X 0 058 - mC' = 6 96 mCi 
CPS 

240cpsX 0058 - mCi = 1392mCi 
CPS 

8.0 GROUND MEASUREMENT RESULTS 

1 

Results of the ground survey using HPGe detectors are presented as levels of concentration 

f represented by color-coded circles with diameters of the orderof the field of view of each detector 

(30 meters). These data were superimposed on a photograph along with isoradiation contour 

lines generated from the aerial data Figures 25 and 26 show the results for an assumed uniform 

surface concentration of Am-241 and an assumed uniform volume distribution of Cs-137, 

respecti vel y 

' 

The numbers by each of the color-coded circles are the ground sampling location numbers for 

reference to the soil samples and insitudata (see AppendixA for details). The parameters listed in 

Tables 8 and 9 include factors that convert the concentration values displayed on Figures 25 and 

26 to values that bracket other possible sourcedistributions. For example, a value range of 0.15 to 

0 35 pCi/mz (C level) surface concentration of Am-241 in Figure 25 converts to 10.5 to 24 pCi/g for 

exponentially distributed Am-241 with a relaxation depth of 1 cm, averaged over the top 2 5 cm of 

soil as follows. 

Find the desired conversion factor in Table 8 for a 1-cm relaxation depth and a soil 

sample depth of 2 5 cm (value given is 70).  Then compute the desired conversion. 

72 X (0 15 - 0 35) MCi/m* = (10 8 - 25 2) pCJg of Am-241 in the top 2.5 cm 

of soil for an exponential distribution with a relaxation depth of 1 cm 
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Table 8. Factors that Convert Am-241 Surface Concentratlon to 
Mean Sol1 Sample Concentratlonaab at Sokcted Soil 
Depths and Concentratlon Dlstrtbutlona * 

. 

Olrtrlbutlon I Parameters Sol1 Sample Depth (cm) 
r 

a' w 
cm-1 cm 

Limite I 1 .o I 2.5 I 5.0 
Factor8 = pCl/g/gCl/m2 

1 
0 333 
0 1  

aDlstrlbutlons as descrlbed In Sectlon 6 2 5, Equrtlonr 4 and 5 
'Tho rosult of multiplying the surface concontrationd (pCi/mP) by the factor 

*Tho limit of Equatlon 5 u tho ramplo depth appro8chm 0 
above yield, pCl/g 

1 196 124 72 39 
3 130 111 88 63 

10 104 99 92 82 

Similar conversions can be done for Cs-137 data in Figure 26 using Table 9 

cm-7 

2 
1 
0667 

Tablo 9. Factors that Convert Uniformly Dlatrlbutod C8-137 to Mean 
Sol1 Sample Concentratlons' at Selectod Sol1 Depth8 and 
Concentratlons blrtributlonr 

cm 

5 1 73 1 56 1 36 109 
10 1 39 1 32 1 22 1 09 
15 1 26 1 22 117 1 08 

factors = pCl/g (exponentlal)/pCl/g (uniform) 

1 

Surface concentrations of Am-241 varied between 0 006 pCi/mz and 0 65 MCr/m2 over the entire 

surveyed area These values were consistent with the concentrations inferred from aerial data. 

Figure 27 IS a gamma energy spectrum collected from a location inside the Am-241 plume area 

The 59 5-keV gamma ray line is depicted Figure 28 shows a similar HPOe spectrum tn a typical 

background area ;. 
22 



Detected concentrations of Cs-137 were between 0.01 and 1.3 pCi/g over all the measured points 

These values were consistent with the aerial data as well as those values expected from worldwide 

fallout Ground measurement results are summarized in Appendix A 

, 

9.0 SUMMARY 

The survey results indicate the presence of Am-241, Pu-239, and Pa-234m. The Pa-234m is a 

daughter product in the decay chain of uranium The major portion of the activity was detected 

over buildings which are known storage and working areas. The activity in the buildings is the 

result of the normal operations at the Rocky Flats Plant There were differences in the location of 

man-made materials inside the Rocky Flats facility between the 1981 and the 1989 surveys. This 

was obviously due to new facility construction and movement of mateflats within the plant 

perimeter fence e 
Some Am-241 was detected outside the building area The activity is in a controlled area and Is 

maintained by the Rocky Flats personnel. The activity appears to be In the same location and 

magnitude as detected in the 1981 survey. The small "B" areas to the east of the activity detected in 

the 1981 survey are probably due to the increase in the detector effective surface area (more 

sensitivity) and better data processing techniques used in the 1989 8urvey 

The Cs-137 activity appears to be consistent with worldwide fallout and not due to any release 

from the Rocky Flats Plant There is no indication of a plume that originated at the facility and left 

detectable Ca-137 activity anywhere in the survey area 

Appendix A will cover soil sampling techniques and results, along with Q.A procedures to verify 

the authenticity of the quantification of the data 
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FIGURE 25 AMERICIUM-241 IN SITU (HPGd DATA ACOUISITION LOCATIONS AND COLOR-COD€D SURFACE 
CONCENTRATION VALUES SUPERIMPOSED ON THE AERIAL Am-241 DATA 
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APPENDIX A 

GROUND-BASED MEASUREMENTS 

A.1.O PHILOSOPHY OF THE MEASUREMENT OF Pu-239 IN THE ENVIRONMENT 

It is virtually impossible to measure low levels of plutonium, specifically Pu-239, directly in the 

environment. Remote measurement of plutonium, particularly at low concentration, is impractical 

for techniques which rely upon detection of gamma radiation. This is because plutonium IS 

primarily an alpha emitter and emits very few energetic gamma rays per disintegration Direct 

assessments of plutonium concentration are usually performed by measuring the alpha activity or 

1 x-ray production Direct measurements of small ccncentrations require laboratory analyses 

which employ expensive and time-consuming techniques such es chemical separation, low level 

counting, alpha spectroscopy, and mass spectroscopy None of these techniques is appropriate 

to monitor an area as large as Rocky Flats 

' @  

, 

Remote measurement of plutonium can only be accomplished by indirect methods That is, one 

measures a radionuclide closely associated with plutonium which can be easily detected by 

gamma radiation emissions Americium-241 (Am-241), which is a decay daughter of Pu-241 , is 

such a radionuclide Although the plutonium used in nuclear weapons is principally Pu-239, it also 

contains other isotopes of plutonium. Generally, it will contain between 0 5% to 1.0% Pu=241*" 

This ratio of Pu-241 to Pu-239 depends only upon its initial value at production and the time since 

production Likewise, the quantity of Am-241 present depends only on the initial isotopic mix and 

the age of the plutonium since production As the Pu-241 decays, its daughter, Am-241 , "grows 

in "The ratios at any future time can be easily calculated from the original isotope mix and mixture 

age The amount of Am-241 present is quite significant if the plutonium is more than 2 years"old," 

even if Am-241 were not initially present 2 Therefore, the quantity of plutonium, specifically 

Pu-239, can be inferred from direct measurements of Am-241 and a known ratio of Pu-239 to 

Am-241 
0 I 
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This ratio can be established either by experimental measurement, or it may be estimated from 

historical information and technical data. As previously mentioned, this is very time consuming. In 

the interest of timely reporting of results, the required ratios presented in this report were 

estimated 

, 

Soil samples were acquired during this aerial survey to corroborate the aerial results Preliminary 

results of the soil measurements are summarized in Tables A-1 and A-2. They were initially 

analyzed exploiting the Am-241 present, but detailed analyses to directly measure the present 

amount of plutonium are planned These later analyses will better refine the Pu-239 to Am-241 

ratio to be used with these aerial survey results 

The measurement of the Am-241 activity in the erlvironment has been a reliable and relatively 

accurate measure of Pu-239 Although the proper ratio of Pu-239 to Am-241 cannot presently be 

determined, a reasonably good estimate and limits can be established This ratio could be as high 

as 15, i f  the original material was very “young” (less than 2 years old), or it could be as low as 5, if 

the material is very “old” (more than 10 years old) 2 Published data for the Rocky Flats area 

indicate that this ratio was approximately 6 to 7 at the time of a 1969-1970 soil sampling programs 

This sampling program also indicated that the Pu-239 was released to the environment at least 20 

years ago and that the ratio of Pu-239 to Am-241 probably has not changed significantly because 

of its age. Therefore, the ratio should now be expected to lie between 5 and 7 

1’ 

It is possible that this ratio could be perturbed by a release of plutonium containing a large initial 

concentration of Am-241 or a release of pure Am-241 An error of this kind would result in an 

overestimate of the plutonium present The ratios observed by the soil sampling program suggest 

that the Am-241 is simply a product of the decay of Pu-241 due to the release of plutonium from the 0 Rocky Flats Plant 
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A.2.0 SOIL SAMPLING AND GAMMA FLUX MEASUREMENT AT IN SITU SITES 

*@ 
A.2.1 Collection and Preparation Procedure 

Soil samples were collected at each location where a measurement of the local gamma spectrum 

was made with the HPGe germanium detector Each sample was taken from about 100 sq cm of 

surface soil to a depth of 4-5 cm. This yielded approximately 1 kg of material after drying. At some 

sites, an attempt was also made to gather additional profile samples to a depth of 15 cm in 5-cm 

increments. This was not always possible, however, as the surface soil layer is very thin in most 

areas around the plant, and the deeper samples tended to be coarse gravel or even a few large 

rocks (the rocks and gravel only havea limited ability to contain much fine-particlecontamination 

and do not represent source distribution in the soil) 

Samples were dug with a soil auger or hand shovel, placed in sealable plastic bags, and identified 

by spectrum ID number They were later shipped to the EG&G Santa Barbara Laboratory in rigid 

cases for analysis 

Upon receipt at SBO, each sample was weighed, dried in a vented oven for 48 hours at 4OoC, and 

reweighed This eliminated both the varying amounts of water in each sample and the uncertain 

effect it would have on its gamma emission It also gave a measure of the general soil moisture 

content of the area for use with the aerial data After drying, the lumps in each sample were broken 

up to render a uniform mixture, and the mix was sealed in a 32-02, widemouth polyethylene jar 

The samples were then aged for three weeks before counting to allow radon daughters to "grow 

in"and equilibrium to be established Excess soil was returned to its plastic sampling bag, and all 

data were recorded in a laboratory log book 

A.2.2 Counter Description and Callbration ! The soil samples were analyzed by gamma ray spectroscopy using a two-detector, automated 

counter system with sample changer This system has been completely characterized in the 

1 9  
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publication Low Background Ge(Li) Detector Gamma-Ray Spectroscopy System wrth Sample 

Changer, Report No. EGG-1 183-2383, Santa Barbara, CA. EG&G/EM. The system was developed 

to provide high efficiency counting capability for large soil samples and routine analyses for 

uranium, thorium, cesium-137, and potassium-40. 

' , 0 
I 

I 

Basically, the mechanism of the sample changer is composed of a sample storage ring (conveyer 

belt) and a shielded cave containing the two Ge detectors These detectors have horizontal 

cryostats which are positioned coaxially, "nose-to-nose," with enough spacing to allow a sample 

I jar to be placed between them and rotated at 1/2 RPM Signal pulses from the detectors are 

amplified, combined in a multiplexer unit, and sorted with a pulse height analyzer (PHA). At the 

end of a counting period, the spectral data is transferred from the PHA to a data file in the VAX 
7 

mainframe computer which also controls the sample changer. These data files are later examined 

with a peak fitting code, and isotope concentrations are calculated from the fitted photopeak 
I 

areas e 
The changer system efficiency was measured using three standard source materials diluted in 

sand and contained in typical sample jars. The uranium and thorium standard materials (ore) were 

obtained from the former AEC New Brunswick Laboratory and are certified as to elemental 

uranium or thorium concentration by weight, and in the case of uranium, the radium to uranium 

ratio The third standard was prepared by Isotope Products Lsboratories in Burbank, California, 

and it contains 1 gram of NIST SRM-4276C, uniformly mixed in sand and sealed in the usual 

sample jar This mixed isotope source contains SbTTe-125, Eu-154, and Eu-155 and is certified as 

to the gamma/x-ray emission rates for the principle photons Together, the three standards 

I provide strong, well-defined photopeaks over the 27 keV to 2 61 MeV range. Efficiency values 

between the points measured with these standards are found by linear interpolation 

For the routine analysis of soil samples for U-238, Th-232, Sb-125, and Eu-154/155, simply 

comparing the net photopeak areas (normalized to sample mass) of the unknown to that of the 

I 
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appropriate standard is adequate to determine concentrations All other isotopes, including 

Am-241 activity, must be calculated from the photopeak areas and the (usually) interpolated 

efficiency values 

A.2.3 Exposure Rate Measurements 

In addition to soil sampling, gamma field exposure rate measurements were also made at each in 

situ site with a pressurized ion chamber (Reuter Stokes Model RSS-112). This environmental 

monitor readily measures background levels of gamma radiation and employs an 8-liter stainless 

steel sphere filled with argon gas at 25 atmospheres pressure as the sensing chamber. The 

chamber ionization current is measured with a high gain, dc electrometer, and the system 

sensitivity is 20 mv/pR/h 

Reuter Stokes calibrates the instrument using C0-60 sources and specifies the accuracy to be 

f5% or fO 5 yR/h, whichever is larger It is also calibrated at SBO with an NBS-certified Ra-226 

source to verify the accuracy for a gamma spectrum that is more like natural background 

However, because the sensing chamber has a thick wall that is more opaque to low energy gamma 

rays, the system's Roentgen response is only uniform above 100 keV, it falls quickly at lower 

energies And since the only significant gamma emission from Am-241 (59.5 keV) is below the 

instrument's sensitive range, its readingsare not agood indication of the presence of that isotope 

The data only confirm the gamma background caused by cosmic radiation and naturally 

occurring isotopes in the soil 

A.3.0 SOIL SAMPLES AND HPGe RESULTS 

The results of the soil analyses and ion chamber measurements are shown in Tables A-1 and A-2 

The number range in parentheses following some zn sttu site numbers indicate profile samples at ' 0  



f 
the approximate depth (in inches) at which they were taken. The profile samples indicate the 

Am-241 is exponentially distributed in the soil with a relaxation depth between 7 and 10 cm, The 
I 

Cs-137 appears to be uniformly distributed in the soil. This information Is very important in the 

selection of the appropriate conversion factors for the aerial and rn srtu data 

The error shown in the four isotopes usually assayed (U, Th, Cs, and K), reflect the high precision 

possible when multiple photopeaks can be evaluated, or i f  the peaks are intense and statistically 

significant, or when the presence of many calibration lines in a small energy range yields a more 

accurate efficiency value. The analysis for Am-241, however, is based on the area of a single 1 

photopeak at an energy where the efficiency is not as well defined, and the given error value 

reflects this, 
1 

f 

The detection limit for Am-247 in these soil samples is calculated from the size of the continuum 

on which the 59 5 keV photopeak is superimposed This is, of course, different for every sample, 

and the value shown (0 2 pCi/g) is from the worst case with a large continuum For many samples, 

a smaller amount could probably be measured, but with less precision. 

0 
t 

I 

The final, right hand column in Table A-2 presents the exposure rate data as measured with the 

pressurized ion chamber (PIC). 

A.4.0 SUMMARY 

I Comparison of the three measuring systems (soil sampling, in srtu HPGe, and aerial) could be 

made in an area outside of the Rocky Flats facilities where the aerial system detected quantities of 

Am-241 above background levels The ground sampling points were 50,51,52,53, and 87A 
I ’  
I 
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Table A 4  shows an excellent comparison of theactivity calculations (using the proper relaxation 

depth for the Am-241 in the soil) of the three systems The data indicate the activity in this area IS 

uniformly distributed horizontally and has the same relaxation depth over an area of at least 140 
0 

I meters in diameter 

1 

I 

I 

1 

The Rocky Flats survey is a superb example of the proper way to respond to an environmental 

monitoring emergency. 

1. Use the airborne monitoring system to rapidly survey and locate areas that require further 

I nvest i g at ions 

2. Use the HPGe LIZ srtu system to resolve the areas both quantitatively and spatially 

3 Take soil samples at all sites to permanently document the areas and also provide a means of 

measuring lower levels of activity. 

I 
I 
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Table 

Sampllng 
Locatlon 
Number' 

2 
5 
6 

7 
9 

11 

12 
13 
14 

15 
17 
18 

19 
20 
21 

22 
23 

26 (0-2) 
(2-44) 
(48 )  

27 (0-2) 
(2-4) 
(4-6) 

28 (0-2) 
(2-4) 
(4-6) 

29 (0-2) 
(2-4) 
(46)  

30 (0-2) 
(2-4) 
(4-6) 

a 

(X-X) - Profile Srmple 
'HPGe drtr, assuming 

59 

Al l .  Ground Meururementr of Man-Made Isotopes 
Am-241 Ca-137 

Soil Sol1 
Sample Sample 
Pcl/g In Sltu In Sltu 

P C W  *20% pCl/gb f 10% 

0 0 38 38 
4 4  2 87 2 28 119 
2 6  2 16 1 56 109 

2.5 2 0  2 32 118 
0 55 0 0.94 91 
0 27 0 0 76 81 

0 22 0 7  0 51 115 
0 27 0 0 47 1.13 

0 063 137 

0 0 71 86 
0 61 0 1 02 0 76 
060 0 0 71 0 73 

0 67 0 69 1 29 086 
0 29 0 0 47 105 
030 0 060 1.22 

0 45 0 119 111 
0 21 3 0 35 1.15 

1 4  154 128 93 
034 0 30 
0 21 0 18 

1 7  1 68 085 95 
0.79 040 
0 55 0 31 

2 1  N/A 1 26 WA 
034 0 18 
0 38 0 24 

0 85 145 0 73 1 27 
0 31 0 27 
0 22 0 20 

11 1 38 0 93 117 
0 63 0 26 
0 32 0 16 

Depth In inches 
8 relrxation depth of a = 0 10 cm l and roil Sampllng depth of 4 cm 

d 

d 

d 



t ’ 

I 
I 

‘ a  
I 

1 

f 

I 

, 

a 
41 
42 
43 

44 
45 
46 

48 
49 
50 

51 (0-2) 
(2-4) 
(4-6) 

52 
53 

59 
60 
61 

62 
63 
64 

I Table A-1. Ground Measurements of Man-Made Isotopes (Contlnued) i 

2 6  1 58 2 10 1.12 
1 8  1 42 1 52 1 27 
1 2  0 113 0 97 

2 5  0 3 09 0 93 
1 1  0 146 82 
1 1  61 174 94 

1 8  0 133 58 
1 6  N/A 163 N/A 

97 0 51 1 48 .n 
20 0 13 3 109 n 
9 8  0.58 
5 3  0.32 

480 25.2 171 .66 
6 8  16 1 0 41 1 26 

3 8  2 2  1 26 68 
3 0  N/A 1 28 N/A 
0 71 0 2 12 104 

N/A 0 196 1 02 
0 1 39 80 
0 0 07 37 

d 

d 
3 

^(X-X) - Profile Sample Oepth in inchea 
‘HPQe data claauming a mlwatlon depth of a = 0 10 cm l and aoil umpllng depth of 4 cm 
‘HP& data. auuming a unlform dirtributlon In the roll 
‘ At or below detection limit of 0 2 pCl/g 



Sampling 
Loortlon 
Number' 

65 
68 
69 

70 
71 

61 

Am9241 cm-137 

Soil Soil 
Sample Sample 
Pclla In Sltu P w l  In Sltu 
f 2 O %  pcvg f 10% pCI/gC 

0 104 42 
040 0 117 57 

0 0 74 60 

0 0 30 36 
0 0 29 10 

d 

1 

a 
d 



' 0  
Sampling 
LOC8tlOn 
Number' 

-1 
~~ ~~ ~- 

I Table A-2. Ground Measurements of Natural Isotopes and 
Exposure Rate 

Pressurized 
U-238 Th-232 K-40 Ion Chamber 
PPm PPm Pcvg Expowre Rate 
CS% .c5% 512% at 1 m (AQL) 

3 5  
2.3 
4 1  

7 
9 

11 

12 2 12.8 
11 7 10 9 
16 0 15 9 

111;- - 14 3 5  

12 9 
14 0 
16 2 

- ~ -:::--I 148- 15 7 
16.1 16 0 

14 6 16 8 15 5 
r 

15 3 9  
16 3.2 
17 27  

18 4 0  
19 4 0  
20 4 2  

21 3 7  
22 3 8  
23 4 1  

- _ _ _ _ ~  -_  ~~ -~ 

12 2 14 1 14 4 
12 9 12 6 13 6 
14 9 13 7 14 S 

18.3 17 6 14 7 
17.5 16 8 15.7 
17 5 17 9 15.6 

19.3 16 S 15.4 
17 1 16 0 14 1 
l e  8 13 5 14 2 

62 



r 

Table A-2. Ground Measurements of Natural Isotopes and 
Exoorure Rate (Contlnued) 
I 

Sampllng 
Location 
Number' 

I== 42 

44 
45 
40 

48 
49 
50 

51 (0-2) 
(2-4) 
(4-0) 

52 
53 
58 

59 
60 
61 

02 
63 
64 

72 

U-238 
PPm 
35% 

Prorrurltod 
Th-232 K-40 Ion Chrmber 

PPm PCW Exposure Rate 
f S %  f l 2 %  at 1 m (AOL) 

1 8  8 6  8 6  13.1 
1 8  7 6  7 8  
2 2  8 7  8 9  

2 0  7 6  11 5 11 9 
2 1  7 4  9 6  12 2 
2 7  9 0  10 0 12 4 

2 2  10 5 12 1 12 2 
2 7  14 9 17 5 15 1 
2 1  7 9  7 2  12 0 

2 4  14 7 15 4 13 8 
2 8  14 8 15 6 15 2 
2 3  11 9 15 0 14 1 

2 8  12 9 14 6 13 9 
3 1  17 0 19 9 15 1 
3 1  16 5 18.7 16 5 

2 1  10 1 11 6 12 5 

4 0  21 2 21 8 16 4 

3 7  15 4 16 1 14 8 
2 7  15 1 10 8 
2 7  13 8 14 4 

2 1  11 2 14 7 13 e 

2 4  
33 
N/A 

13 1 
13 1 
14 4 

3 2  19 9 18 4 15 8 
3 2  17 5 15 8 15 0 
2 6  11 7 12 7 12 6 

3 2  10 1 18 8 15 3 
3 7  15 7 18 5 15 4 
3 7  18 0 13 7 14 3 

2 8  
2 0  
3 0  

2 9  
3 2  
2 5  

15 2 10 7 14 3 
11 1 16 4 14 9 
15 5 17 8 14 8 

16 4 15 9 15 7 
20 0 18 9 16 9 
12 3 16 3 14 6 

'OW - Profile Sample Depth In inches 
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I Table A-2. Ground Measurements of Natural Isotopos and 
Exposure Rate (Concluded) 

~- - 

Preuurlzed 
Ion Chamber 

Location Exposure Rate 
Number' fS% f12% at 1 m (AGL) 

73 (0-1) 3 3  19 0 18 4 16.2 
(1-2) 3 3  18 1 18 1 
(2-3) 31 16 4 15 2 

74 3 2  14 3 16 5 14 6 
75 3 0  13.2 26 2 13 8 
76 2 5  13 4 16 4 13 0 

79 3 0  12 2 15 3 15 6 
80 3 2  19 7 19 3 16 0 
81 3 6  20 9 19 4 lb  7 

83 2.7 12 5 16 9 15 6 
04 2 5  12 8 12 0 14 0 
85 2 1  11 1 15 5 13 9 

87 2 1  11 2 15 9 14.1 
87A 1 9  11 3 10 7 13.9 
88 3 5  13.7 18 2 15 2 

89 3.2 18 7 17 8 
09A 2 8  17.6 18.8 
90 3 0  14 6 9 3  

16 6 
15 2 
12 3 

91 2 5  10 8 21 6 12 9 
103 2 6  13 5 14 3 13 4 

'(X-X) - Pmflle Sample Depth In Inches 
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Qround 
akmpltnq 

Point 
Numben 

50 
51 
52 

53 
07A 

Soil In SItu Aetlrl 
Sampler HPOo "C" Level 
(pCl/g) (pCVg)* (pCMg). 

27 - 54 
27 - 54 
27-54 

27 - 54 
27 - 54 

97 51 
20 13 
48 25 

7 16 
36 10 

65 
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Internal Letter Rockwell International 

TO *Cnr---1 

Bldg. 750 

7. C. Greengard 
RCRA/CERCLA Program 

FROM n c w o w d m a m ~ ~ ~ ~ ~ ~ ~ ~ w )  . R. W. Hawes . Environmental Management . Bldg. T452B . Ext. 2582 

SUBJECT. REPORT ON RADIOMETRIC SURVEY 

The Radiometric Survey that was conducted during the time period 
1977 to  1984 evolved from the use o f  FIDLER (Field Instrument f o r  
Detecttng Low Energy Radiation) type instruments f o r  research 
projects designed to  identify  methods t o  evaluate contamination i p  
s o i l .  Experimental instruments were being used at the Rocky F la t s  
Plant as early as 1971 o r  1972. A copy o f  a 1974 le t te r  from DOE 
(attached) recognized that the fIDLER was becoming an important 
research instrument. Because the FIDLER was easy t o  use and was the 
best available technology at  the time, a plant wide survey was 
undertaken in 1977 with the concurrence o f  DOE (see attached letter). 
The instruments used a t  the Rocky F la t s  Plant are composed o f  a NaI 
sc int i l lat ion  probe made by Bicron Corporation and an analyzer from 
Ludlum Measurements, Inc. (brochure attached). 

Due to  instrument and manpower 1 imitations, the survey was conducted 
only when personnel w5Ye available and the weather cooperated. 
Construction act iv it ies ' took precedence i n  the survey so that the 
affected areas could be surveyed p r i o r  to excavation. Bui lding 910, 
the reverse osmosis plant, I S  one good example of  a project where the 
survey was done pr io r  t o  ground breaking and radioactive s o i l  
contamination was found. Contaminated so i l  had to be removed before 
construction could proceed and the FIDLER was used t o  identify  where 
the contamination existed and when removal was suff ic ient.  This  
project was the first use o f  front-end loaders t o  place moist s o i l  
into wooden boxes f o r  off-site shipment. Pr ior  t o  this, contaminated 
s o i l  removal had been done i n  a portable house with a HEPA f i l te red  
exhaust system. This type of  excavation was very labor intensive. 
The so i l  was removed using shovels and hand water sprays t o  control 
resuspension, and the s o i l  was placed into p last ic  bags. 

The PSZ (Perimeter Security Zone) project represented one o f  the 
first large areas t o  be surveyed. 
map the area, survey s i t e s  were measured into s t r ip s  ten feet wide 
by 300 feet long. Wooden stakes were placed i n  the corners and 
yellow ropes were l a i d  on the ground to  delineate the s t r ip s .  The 
Radiation Monitors wielding the FIOLER would slowly walk a zig zag 
path between the ropes. Readings were generally recorded by a 
salaried employee from HS&E. 
own mapping and recording and reported the results  weekly t o  
Environmental Analys j s and Control . 

I n  order t o  log  the survey and to 

I n  l a te r  years the monitors d id  the i r  

I 



T. C. Greengard 
Page 2 
August 31, 1988 

Hore careful monitoring was performed when an unusual reading was 
noted during the i n i t i a l  survey. Readings were recorded and the area 
marked, usually w i t h  wooden stakes with yellow and magenta barrier 
tape between them. €A&C and the Radiation Monitor supervisor were 
also notified. I f  the identified area was n o t  i n  a construction area 
or i n  an area o f  potential risk t o  personnel or the environment, the 
survey continued. Arrangements f o r  removal or  clean up were made i f  
the contamination was an iamediate hazard or  obstructed 
construction. However, cleanup was not intended t o  be an integral 
part of  the survey. 

In the early years of using the FIDLER, several attempts were made t o  
correlate the counts per minute (c/m) readings on the instrument w i t h  
a quantitative activity. This technique was discarded and the c/m 
readings were more properly used t o  indicate only re lat ive  
differences in activity. "Hot Spots" which were found by the FIDLER 
could be anything from plutonium t o  depleted uranium. Specific 
radioisotopes could be identified only by laboratory analysis o f  a 
soil sample. 
discusses the 1 imitati'ons o f  the FIDLER.) 

By September, 1984, over 11,000,000 square f e e t  o f  the Rocky Flats 
Plant had been scanned using FIDLER instruments. The survey 
accompl i shed i t 's purpose of  1 ocat i ng abnormal radi a t  i on 1 eve1 s in 
the s o i l  o f  the Rocky Flats Plant and confirmed that  large areas o f  
the plant have higher than environmentally acceptable levels  o f  
radioactive contamination. (See the l e t t e r  o f  completion, Yoder t o  
Nicks 09-18-84 and a map o f  the survey attached.) 

(See le_tter Setlock t o  Greengard 08-19-88 which 

R. W.  Hawes 
Environmental Management 

Enc. 

cc: F. D. Hobbs 
G. H. Setlock 
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J. R. lioeder, Director ,  Operational %fe$y'Divioion, 11lo 

Cubsequent t=, t h e  XASL ccrvcy refercficed 5x1 your letter to mc Qted 
D c c e e r  20, 1'473 uder t h e  cbove subject t i t l e ,  D m  conducted an 
hdepenecnt s u ~ c y  o f  tbc soil southeast of the 933 area. The 303 
tvvey inclcded FnL% csunt- on a grid ad a lizited naxbcr of 
3 0 u  seqles a t  select& bcations. TLe cosclusion was that tbe Cou 
P D D  &ta an3 s.I>ccific p k t o n i m  soil s q l e  data were in agree- 
ment with the iL\SL dab eve3 tho**? tbc counting b 8 t i O l l s  8ncI soil 
saqlc  sites \:ere not t b  stme. 

I 
__I-- . ______ 



c 6, 

tnicnt of Energy 
IfROUE OPERATIONS 
FLATS AREA OFFICE 
P.O. 00% 921) 
J. COLORADO 6a01 

R. E. Yoder 
Director, Health, Safety 1, Environment 
RockwcI I International, h l ,  RFP 

RRDlOhETRIC SOIL SURVEY - PLAN 

Please document and implement a plan which establishes 
quarterly survey commitments toward the ultinete completion 
of the radiometric soi l  survey, as agreed t o  a t  the 
Noyenbor 8 1977 nesting u i f h  ALO represenlatives. The 
~ I ~ G ~ T Z G ~ ~ T Z E I - ~  t o  a p r i o r i t y  l i q t i n g  for ccmpietion 
of speci f ic plant arms. 
s t ruct ion heavily impacts survey pr io r i l - ies  (e.g.,  
pre-operat iona I survey of t h e  arca around Bu i I dings 37 11374 1, 
therefore annual review and revis ion may be appropriate. 

- 
We recognize tha t  plan? con- 

fide a copy of the subject plan t o  RFAO by 
1978. In addition t o  the i n f o m t i o n  

prevrously requested i n  monfhly reports to the RFAC), 
please include once per quarter a statement re f l ec t i ng  
progress i n  tenns of the cornnitmiits set for th In this 
plan. 

Assistant Area bbnager 
f o r  Operat ions 

CC: Raymnd 1. Mil ler ,  OSD, ALO 

. 
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Features 
Nal (TI) SCINTIUOR 
OPTIMUM RESPONSE FOR 
LOW WEL-LOWENERGY 
APPUCAnONS 

K ) R  FIELD USE 
RUGGED comucnm 
BERYLLIUM WINDOW 
CARRYING HANDLES 
AVAILABLE 

For information on typical 
background rates for specific 
applications, contoct Bicron. 



Due to ow cQ~bllltles Jn No1 (TI) 
and organic xlntillotors, Bcrm can 
offer o wde variety of sclnttllcrfm 
pcobes Wrsatlk sunmy systems can 
thols be obtolned, port~~~lorty when 
the probes are used wdhthe61cron 
mbt" meter, OT the lab- 
tech' scoler/ratemeter/omlyzer 

MAXIMUMVOUAGE+lWV 
VOLTAGE MVIDER.lntBmd, 
integrally wed 
TERMINATION.~MHVstandotd; 
other temrkrcmOrrsavailoMe 
fmAPmAJURfRANGE4°i0430C 
TEMPERANRERATEOFCHANGE: 
loot per hour 
SaE: 5.562" m x .  dio x 40 425" 
(I4 43 x 25 72cm)excluding handle 



MODEL 16 1 ANALYZER 

. 
GENERAL DESCRIPTION 
fhe Model 16 Analyzer supplies the completo electronic reqtirremeits for scintillation, proportional 
0- GM monitoring with the added feature of a window rm@ihrt for selective gamma 
monitoring. A iwo-position switch marked ~'IN-OUT" a l o m  the instrumert to operate as a 
normal caunf rate meier or as a single channel analyzer. with the analyzer switch in tho OUT 

this mode, the instrument performs as a normal count rate meter, With the analyrer 
twitch IN, the Lo discriminaior acts as 4 thresho!d sclccior and the Hi discriminator selects 
the upper discrimination level. fhe upper drrcriminaf ion level may btbdlusted between the threshold 
kv-1 a d  b n  +imps t b  ihrrsbo'd level (not exceeding 60 mi'livolts! In this mode. the unit 
operates as a single channel ana1)zer. 

f?EGIFICAIIOYS MECHAWICCIL 
COUNT LINEARITY =5% of tho full sa10 AUDIO OUTPUT Eight ohm dynamic s p d o r  with 

DlSCRlMlNATION RANCE 
milltrolts. BATTERY COMPLEMENT Two ilahlight brttmrior. standard 

lNPUT IMPEDANCE. O t  Magohm. ktorchangcab:c 

TIME CONSTANT- I1  rocoodr DETECTOR CONNECTOR Srior C, Teflon h u b t o d  

osition, the lo  discriminator controk the disuiminat;on level and the Hi discrininaior ir insctive. 

standard phone (act 

0 "  0 

Lor Discriminator 2 to 60 

coII Morcury or rochargoablo c d s  dwedly 

CALllRATION 
ninvto with mult.pltar of XI, XlO. Xt00. X1,ooO 

CONTROLS 

HIGH VOLTAGE Adiurtablc. 700.2,400 volts. Electrecucatly 
ngulried to 1% Will support rciniillaiion k d a  
to ISKI vo1'1. proporttonel to 2 400 volts. 

RAN6L MuHi'unction lever type knob provider 
.no-finger opwation and rrloctr opcrationd modes of 'ktty 
Tort" range multipler of XI OOO Xi00  XIC. and XI 
In rotalwnrl ordtr horn t1.0 "Off' portlion A fhorescod 
mark located under &he knob ad vtsible an all but 
f i e  "Off' potllton wds in pvovontion of mstrumont stuago 
with battorior rctivatod 
DlfCRIMlNAfOR 
HcLo discrimination loroh 
ANALYZER, IN-OUT 
4acm9 Hi discriminator m or ocrt of cncuit 
CALIBRATION CONTROLS are tndnidual poton+lonn+mm 
1.t oach rrnpc lhcv avo arcerstM~ from tho front 
eovor -hilo r) operatrod stat- 

Standard snit cdibrriod to 500 cwntr/ 

Cover cn0ont.a controls for adlurtmg 

Covr mountod toggle r- iOr 

8AlTERY LIFE 
oporrtion ytoldr 100 hours uncyclrd uso 

METER- 50 micro-amp, 2l/riincl, drcmotor. t a u i h n d  
wapensior, 

FINISH. Ins+rumcnt houilnp is of dram a* J ust rluminunr 
fabrtcatton uith baked enamel in hammered copportono 
rdh silk scrorred nornonelatwo An rdtingr a10 of 8 h l d O 8 S  
8te.I or nortarnding plating and ~ y n t h o k r  

SIZE. 3 4 x 3.5 I 7.0 mches [HIWXL ercluuro of handlo) 

WEICHT. 3.5 Ibr 

Function of high voltago sottm9. ?vOrago 

ruicE 
Modd t6 Analpr  tomplde 4th hoadd. b o w  
cablo 0-d inrfruchon m a t u L  

$425 00 FO8 fruotuator. T.ur  

klsct deiccior hom ddector data Ace) 

LUDLUM MEASUREMENTS, INC. 1219 East Broadway Swcetwoter, Texas 79556 
f d e p h o ~ r ~  (VI I) 2354494 I 



PULSE RATE METER, MODEL PRM-5 and MODEL PRM-5-3 

- GENERAL DESCRIPTION 
he PRM-5 isa portable bttery operated pulse rate meter with single chaiincl pulse hcight analyzer capabilities. 
c Instrumcnt may beused with a wide variety of scintillationor proportional detectors to detect alpha, beta or 
mma radiation The advantige of the FRM-5 xs the measurement of t low energy radiation in the presence of 

bigher erergj radiation of the same type. A panel mounted switch c a n  disable tlie PHA, yieldmg a conventional 
6rOSS counting instrumcnt. 

The count rate is read out by the Eberline LIN-LOG prcsentation This prcsentation eliminattsall scale switching 
and multiplying factors * yet retams h e a r  increments within each decade. Four dcmdcs are covered using two 
meter movements to yield a s a l e  length of about I .5 inches per decade, which gives maximum readability and 
ease of interpretation. 

N 1  scale readings for the four decades are 500, SK, 50K and SOOK counts per minute (CPhS) respcctivdy, d i -  
brakd to read the true pulse frequency. Other ranges are available. 

Tbe instrument electronics are packaged on three plug-in etched circuit boards for ease of maintenance and for 
maximum versatility. 

The battery pack tses five stan&rd P** sizecells of any type commerclallp available (carbon-zinc, mercury, 
nickel-cadmium, alldine). This aliows a choice depending on the battery featurecansidcred most important. A 
bptterp condition check k provided on the front panel. 

Aural monitoring capability is included by a connector on the front panel. Either a hea65et or an EfC Model SK-I 
speaker may be used. This signal may also be used for pulse counting w i t h  an extcrml scaler 

She PRM-5-3 is identical to the 3RM-5 except it bas three switch selected HV ADJUST controls. This aIlOWS 
presetting up to three different condrtions, such as , three aferent energies with the same probe, 01 W i t h  
different probes. 

6 

0 

0 

S PE C I F I C AT I 0 N S 
&E OF O ~ E ~ ~ O ~ :  0 to 5oc,030 counts per min- ELECTROWCS H.V.  output acljustahlc rnnpe, 200 

rte In four linear, continuous11 progi essn e LIN-LOG to 1500 volts. H.V. regulation, less than 25 volts 
decades, 0 to 500, 500 to 5,000, 0 to 50,000 and 50,000 change with battery change from 8 to 5.5 volts. 
b 500,000. Calibrated to pulses. (1 for 1; H.V. output impedance a2proximtely 6 megohms. 

Counter input sensitivity approximately S millivolts 
OPERATIONAL CONTROLS Three position front- Window width adjustable from 0 to at leas1 2 times 
panel mounted switch (OFF, ON, BATTERY CHECK), the input sensitivity by card mounted control. Paired 
H.V. ADJUST. prbe resolving time less than 10 microseconds. Cal- 

i h t e d  by four chassis mounted controls. 
m?ICATORS. Visual-Scale hrkings :  10 divisions 
per decade with riumbcrsat 1/2andfulldecades. Scale ENVIRONhlE!CTAL CAPABZLITIES A l l  critical points 
Lcngtth. nominal 632 ur (1 74 in. rst  and 3rd decades, are sealed with 0 - l ings  or glands. Shock resistant 
1.42 in. 2nd and 4th &=des;. Response Time: dif- 
k r m t  for each decade and wtrics with calibration set- TEMPERATURE CAPABILITIES* Operttes from -40- 
Ung. Nominal. 12 sec. 1st decade, 6 sec. 2nd decade, to +140°F depending on type of 'P" cells used. 
1 .S sec. 3rd decade, 0.3 set. 4th decade. Linearity: 
t8% of full scale of decade being rea& when properly RNlSH: Baked gray hammcrtonc cnnmcl, white rilk- 
calibrated and drn en with a repetitive signal. Aural- screened nomenclature and chrome-plated fittings. 
BNC series coaxial connector. Signal: direct-coupled 
square wave, SV through 22K. Each pdse counted SIZE: 9 h . L g . x l i r .  Wx7-1/2 in.H. 
changes state of output - 

UTIUTY WEIGHT: 5 porn& 4 OUriCCS. 
BATZ2ZRY BOX AND BATTERIES. Modd DP-1-1, 
@*-in module, containing fire carbon-zinc "D cells, S?IIPPI" WElGflT AND VOLUME: 12 pounds, 1.0 
typical battery life of 200 hours. Mercury, Allczline, cubic feet. 
o r  NI-Cd "3" sized batteries may be used for spccid 
applications. 
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' *  internal Letter 
u .  ''e August 19, 1988 

TO ( w . m ~ t t a t m . m . t ~ ~ ~ ~ )  . T. C. Greenaard . RCRA/C ERC LAu Prog ram . Bldg. 750 

Rockwell International 

N O  

FROM tw.m a g a n k o u m l m n i ~  

6. H. Setlock 
Env. b Health Prog. 
B ld  . T452A 
x2433 

REQUEST FOR DETAILED REPORT ON RADIOMETRIC SURVEY 
SUBJECT. 

In your letter  o f  8/16/88 (see attached) you stated that  A. E. Whiteman 
(Area Manager, DOE/RFAO recently expressed surprise t h a t  a l l  areas 
identified in the HSBE adiometric Surve had not been cleaned up. In 
fact ,  all areas identified as "above bac qround" by the radiometric survey 

Pad 
5; R 

I 

The pur ose o f  the radiometric survey was t o  detect extremely contaminated 

environmental containment pu oses. Therefore, hot spots' i n  the 

"background FIDLER measurements" and triggered an instrument response. 
Consequent1 the 'hot spots' currently under discussion i .e., 

Investigation Report) are obviously not "hot spots" in  the o erationally 
defined sense o f  the Radiometric Survey conducted i n  1977-19 4. Clearly, 
the focus o f  the Radiometric Survey effort was t o  identify and remediate 
substantial1 higher levels of plutonium in soil than  must be addressed by 

Your 8/16/80 information request specifies t h a t  the following areas o f  the 
radiometric survey be addressed in a detailed technical report: 

areas o P the plantsite (500,000-1,000,000+ pCi/gl for worker safety and 

Radiometric Survey were opera 'p ionally defined as levels which exceeded 

radioactive T y contaminated soil areas identified i n  881 H I l lside Remedial 

your 881 Hi1 T side Feasibility Study. 

Survey design 
Equipment used 
Areas surve ed 

Areas cleaned up 
C1 ean up rnethodol ogy 
Uaste disposal s i tes  & documentation 

Survey resu T t s  



P L. .. J .  
* -  
a .  

1 1 e L&Greengard 

August 19, 1988 

Our HSLE report can address areas 1)-(4) comprehensively; areas (5)-(7) 
will only be addressed superficial f y but they can be addressed in greater 
detail by your Maste Operations group who handled the cleanup/disposal 
act ivi t 1 es . 
We will make every effort to meet our September 1, 1988 deadline for this 

information prior to our September 1, 1988 eliverable to you. 1 report. Please contact me if you K ave any uestions or require additional 

6. H. Sdlock, Mana er 

Enc. (1) 

EnvSronment and Hea 9 th Programs 

cc: 
R. 3. Erfurdt 
F. 0. Hobbs 
K. B. McKinley - 
W .  F. Weston 

I 

‘ e  



Internal Letter . .  
I *  Rockwell International 

No RADIOSUR.TCG 
FROM OM- w.rry(- 

- 6 .  H. Setlock T. C. Greengard 
Health, Safety and Environment RCRA/CERCLA Program 
Building 123 Building 750 

. 7121 
RADIOMETRIC SURVEY 

During a recent meeting with Earl Whiteman and Dom Sanchini, Earl 
expressed surprise that all areas identified as "hot spots" in the 
HS&E Radiometric Survey had not been cleaned up. Dom and Earl asked 
me to determine what has been cleaned up. Would you please have your 
staff respond in a detailed report that includes survey design, 
equipment used, areas surveyed , survey results , areas cl eaned up , 
clean up methodology, ultimate waste disposal site(s), and 
documentation. 

Thank you for your cooperation. We would appreciate having the 
report by September 1. If you have any questions please call me. 

Tq 
T. C. Greengard, Program Manager 
Environmental Restoration 

cc: 
R. J. Erfurdt 
F. D. Hobbs 
R. W. Hawes 
K. 8. McKinley 
W. F. Weston 
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RADIrnIC son SURVEY m E r 1 0 N  

the Rocky F lats  Plant site has been annplrted 
ad of schedule, I n  November, 1977 when 

ntlctpatad tha t  thts project rou ld  raqutro ten yoars t o  accoaplloh. 

ent for Detectfng Lar fmrrgy Radlation) 
rsonnel have methodically scanned over 
Rocky f l a t s  Plant. m e r  2r000r000 quare  

rfmeter Security Zone (PSZ) rhld, was or fg fna l ly  
e sxlstfng perlmter drrtn-llnk fence. A l l  of 

011s ldent l f led were removed where practlcable and above 

l g l n a l l y  agreed t o  undertake thfs task lt ras - -  

background areas of the plant were documented by thts radlanetrlc survey. 
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Internal Letter 

h t e  .April 17, 1984 

TO \ ( ~ . m r o r ~ m ~ ~ ~ w n r )  
.Ralph Hawes 
.Building 452 
.2582 

@A!! Rockwell international 

NO 

FROM ~ M N .  --mono) .R. T”KFton 
,Radiation Monitoring 
-2396 . 

RADIOMETRIC SURVEY 

For week ending 4/16/84, Radiation Monitoring surveyed 129, 878 sq ft. 
Around Building 444 (see attached map for details). 

R:W. horton 
Foreman Radiation Monitoring 

cc: 
R. G. DelPizzo 
C. G. Haynes 0 E. E. Klanecky 
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RnDIOElRIC SOIL SURVEY ~ E T I O N  
# 

I 

he Radlanetrlc Sol1 Survey of the Rocmy Flats  Plan, s l te  has been canpleted 
pproxlmately three years ahead of schedule. In Nwemberr 1977 when 

nticipated Mat this project  would require ten years t o  acwmpllrrh. 

sfng the FIRER Weld Instrument for Detecttng Lou Energy Radlatfon) 
urvey fnstrmentr Rockwell personnel have aethodfcal ly scanned over 

l l r O O O r O O O  square feet of the Rocky Flats Plant. Over 2r000,000 square 

ldeslgned t o  extend outside the exlstlng perimeter chain-llnk fence. A l l  of 
ithe contaminated soils ldentlfled were removed where practlcable and above 
background areas of the p l a n t  were documented by this tadianetrlc survey. 

ockwell Internatlonal orlglnally agreed t o  undertake this task I t  was .. - E feet were devoted t o  the Perimeter Security Zone (PSZ) whlch was Originally 

I..!!. 

Robert E. wderr Olrector 
Healthr Safety and EnvImment 

Orlg. and 1 cc - J.R Nicks 
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I Internal Letter 
I ’  

OR. W. Hawes 
-Environmental Analysis Control 
-Building 452 

Rockwefl International 

FROM wnmorwummn.kkn~~ddnymar) . R. W. Norton . Radiation Monitoring 
2396 

SUBJECT RAD I OMETR I C SURVEY 
I For week ending 5/15/84 Radiation Monitoring surveyed 120,900 sq. ft. 

O f  the 120,900 sq ft 90,900 sq ft was surveyed around Building 444 
Area C. We were unable t o  survey 750 sq ft due t o  high background. 
This area i s  located north o f  Building 447 and west o f  Building 44%. 
Also 4 sq ft was found above background located 7 ft south o f  Door 
25 Buf ld ing  444, 32 ft west o f  Building 444 and 10 ft north o f  
B u i l d i n g  453 (see attached map for details). O f  the 120,900 sq ft 
30,000 sq ft was surveyed i n  the north east corner o f  Area B. 
No problems found (see attached map for details). 

R. W. Norton 
Foreman Radiation Monitoring 

cc: 
R. 6. DelPizzo 
C. 6. Haynes 
E. E. Klanecky 
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Rupust  27,1904 

R.W. H a w e s  
Envronment a1 Rna ly5 1 s 
B u i l d i n g  T452.B 

R.W. Noryon 
Radiation Monitoring 
b u i l d i n g  881 
2336 

RRDIOMETRIC SURVEY 

For the week e n d i n g  n u g u s t  27, 1984, Radiation Monitaring surveyed 
228,554 oq f t .  See a t t a c h e d  maps for d e t a i l s .  

FI t o t a l  of  2,579,212 square feet have been surveyed t h u s  far an 
1984. 6s of R u g u s t  27, 1984 we are on s c h e d u l e  t o  meet the 
September 30, 1984 deadline. 

d. W. Norton, Foreman 
RFId i a t  ion Moni t or i n g  

a t t a c h m e n t  

cc:  
R. 6. DelPirzo 
C. 6. Haynes 
E. E. K l a n e c k y  

I 
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Internal Letter 1 

t b  

Ralph Hawes 
Environmental Analysis Control 
Building 452 
2582 

#l'Q Rockwell International 

SUBJECT- Radiometric Survey 

R. V. Reischick 
Radiation Monitoring 
B u i l d i n g  881 
2396 

For week ending July 2, 1984, Radiation Monitoring surveyed 
199,000 square feet. See attached maps for details. 

A total of 1,717,053 square feet have been surveyed thus f a r  
i n  1984 w i t h  a total o f  1,887,047 square feet remaining. 

R. V. Reischick 
Foreman Radiation Monitoring 

Attachment 

cc: R. G. DelPizzo 
C. G. Haynes 
E. E. Klanecky 





Internal Letter 

Date April 30, 1984 

TO (Nun---) 

R. Hawes 
Building 452 - 2582 

,Ir Rockwell International 

No 

FROM (urn -UWI w.n~l~d6rrr  m ~ n )  

OR. W. Norton 
-Radiation Monitoring 881 
,2396 

SUBJECT= RADIOMETRIC SURVEY 

For week ending 4/23/04 Radiation Monitoring surveyed 37, 125 
square feet east o f  Building 444. Of the 37, 125 square feet 
Radiation Monitoring was unable to survey 1350 square feet 
due to high background readin s from Building 664. 
(see attached map for details 3 

R. W .  Norton 
Foreman Radiation Monitoring 

cc: 
R. G. DelPizto 
C. 6. Haynes 
E. E. Klanecky 
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I 4 ABSTRACT 

An aerial radiological survey of the Rocky Flats Plant was conducted during August 1981 by EG&G Energy 
Measurements Group for the United States Department of Energy (DOE) The survey consisted of an 
airborne measurement of both natural and man-made gamma radiation from the terrain surface in and 
around the Rocky Flats Plant These measurements allowed an estimate of the distribution of isotope 
concentrations in the survey area Results are reported as exposure rate, man-made, and Z41Am isopleths 
superimposed on photographs of the area The survey covered a square area approximately 9 7 km on each 
side Gamma ray energy spectra are also presented for the net man-made radionuclides 

. 
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1. INTRODUCTION 

The United States Department of Energy (DOE) 
maintains an aerial surveillance system called the 
Aerial Measuring System (AMS) AMS is 
maintained and operated for DOE by EG&G 
Energy Measurements Group, an independent 
contractor Since its inception in 1958, this 
continuing nationwide program has included 
radiological surveys of nuclear power plants, 
processing plants for nuclear materials, and 
research laboratories AMS aircraft have been 
deployed to nuclear accident sites and in 
searches for lost radioisotopes They were 
routinely used during launch operations for 
Apollo, Viking, and other space vehicles which 
contained radioisotope thermal generators AMS 
aircraft also fly mapping cameras and 
multispectral camera arrays for  aerial 
photography, a thermal mapper for infrared 
imagery, a broad array of meteorological 
sensors, and air sampling systems for particulate 
and whole gas measurements All of the survey 
operations are conducted at the request of 
federal or state agencies and by direction of the 
DOE 

The aerial radiological survey of the Rocky Flats 
Plant and surrounding area was conducted by 
EG&G for the Office of Nuclear Safety The 
survey was conducted during August 1981 and 
consisted of airborne measurement of both 
natural and man-made gamma radiation from the 
terrestrial surface in and around the plant site 
The survey is part of a routine environmental 
surveillance program conducted by DOE 

2.0 ROCKY FLATS SITE DESCRIPTION1 

The Rocky Flats Plant is a U S  Government- 
owned key facility for the production of nuclear 
components It is located 16 miles northwest of 
Denver, Colorado and situated almost 
equidistant within 10 miles of Golden and 
Boulder 

The plant consists of a 350-acre complex of 
manufacturing, chemical processing, laboratory, 
and support facilities Rocky Flats is situated in 
the center of a 6500-acre natural preserve on 
which is also located the 40-acre National Wind 
Energy Test Center 

The Rocky Flats Plant is operated by the Energy 

Systems Group of Rockwell International, under 
contract with the U S Department of Energy The 
primary mission of the plant IS the development 
and production of certain components for 
nuclear weapons These include components 
fabricated from plutonium as well as uranium, 
beryllium, and stainless steel The components 
are shipped outside Colorado for assembly into 
completed weapons There are no bombs or 
nuclear power reactors at Rocky Flats 

All plutonium operations at the plant are carried 
out in highly specialized facilities that separate 
the plutonium from the environment Plutonium 
operations involve the use of high-precision 
equipment and sophisticated techniques for 
metallurgical casting, rolling and forming 
operations, for machining, joining and non- 
destructive testing, and for the chemical 
Operations necessary for recovery of plutonium 
for reuse 

Americium, a by-product of the chemical 
recovery operation, is widely used in home and 
industrial smoke detectors, in oil and gas well 
logging, and in a variety of other applications 
Rocky Flats is the principal U S source of this 
important material 

3.0 SURVEY PLAN 

The AMS surveys are designed to cover large 
areas surrounding nuclear facilities The gamma 
ray spectral data are processed to provide a 
qualitative and quantitative analysis of the 
radionuclides in the survey area The steering 
computer is programmed to set up a series of 
parallel flight lines to cover the survey area All 
lines were flown at an altitude of 46 m (150ft) and 
a line spacing of 76 m (250 ft) 

The survey covered an area of approximately 93 
km2 over the Rocky Flats Plant and the natural 
drainage area leading away from the plant All 
data were scaled to overlay a 120 m/cm 
photograph of the Rocky Flats area The data 
were analyzed for all man-made gamma ray 
emitting radionuclides and specifically for the 60 
keV gamma ray from 241Am which is associated 
with plutonium activity 

The actual flight lines flown by the helicopter are 
shown in Figure 1 





4.0 SURVEY EQUIPMENT 

A Messerschmitt-Bolkow-Blohm (MBB) 60-105 
helicopter (Figure 2) was used for the low altitude 
survey The aircraft carried a crew of two and a 
lightweight version of the Radiation and 
Environmental Data Acquisition and Recorder 
(REDAR) system Two pods, each containing ten 
12 7 cm diameter by 5 1 cm thick sodium iodide, 
Nal (TI), detectors, were mounted on the sides of 
the helicopter 

The preamplifier signal from each detector was 
calibrated with a 22Na source Normalized 
outputs of each detector were combined in a 10- 
way summing amplifier for each array The 
outputs of each array were matched and 
combined in a 2-way summing amplifier Finally, 
the signal was adjusted in the analog-to-digital 
converter (ADC) so that calibration peaks 
appeared in preselected channels of the 
multichannel analyzer of the REDAR 

The system employs five Z-80 microprocessors 
with AM951 1 arithmetic processing chips to 
perform the data collection, data analysis, data 
display, position and steering calculations, and 
data recording which are all under operator 
control The system allows access to the main 
processor bus through both serial and parallel 
data ports under control of the Control 
Processor 

The system consists of the following subsystems 

1 Two independent radiation data collection 
systems 

2 A general purpose data 110 system 
3 A tape recording/playback system 
4 A CRT display system 
5 A real-time data analysis system 
6 A microwave ranging system with steering 

calculation and display 

The REDAR processing system block diagram is 
shown in Figure 3 

The multichannel analyzer collected 1024 
channels of gamma ray spectral data (40 
keV/channel) once every second during the 
survey operation The 1024 channels of data were 
sent to the single channel processor and were 
compressed into 256 channels with partitions 
Table 1 summarizes the spectral data 

.compression performed by REDAR 

Figurn 2 M66 BO-105 HELICOPTER WITH DETECTOR 
PODS 

4.1 REDAR System 

REDAR is a multi-microprocessor portable data 
acquisition and real-time analysis system It has 
been designed to operate in the severe 
environments associated with platforms such as 
helicopters, fixed-wing aircraft, and various 
ground-based vehicles The system displays to 
the operator all required radiation and system 
information, in real time, via a 5-inch CRTdisplay 
and multiple LED readouts All pertinent data are 
recorded on 3M cartridge tapes for post-mission 
analysis on minicomputer systems 

The spectrum was divided into the three 
partitions with the appropriate energy coefficient 
to make the width of the photopeaks 
approximately the same in each partition The 
resolution of Nal (TI) crystals varies with energy, 
permitting the compression of the spectral data 
without compromising photopeak identification 
and stripping techniques In the first partition 
(channels 0-75). the data were not compressed 
permitting stripping of low energy photopeaks, 
such as the 60 keV photopeak from Z4lAm 

The spectral compression technique reduces the 
amount of data storage required by a factor of 
four 

The 256 channels of spectral data were 
continuously recorded every second The 
REDAR system has two sets of spectral 
memories Each memory accumulated four 
individual spectra The two memories were 

8 
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ngun 3 REDAR PROCESSING SYSTEM BLOCK DIAGRAM 

Table 1. REDAR Spectral Data Compression 

EY (keV) 

0 -  300 

304 - 1620 

1624 - 4068 

4072 - 4088 

~ 4 0 8 8  - analog 
cut off 

Channel lnout 
~- ~ ~ 

0 -  75 

76- 405 

406 - 1017 

1018 - 1022 

1023 

1024 

Energy Coefficient 
AE(keV/channel) 

4 

12 

36 

N/A 

N/A 

Unused 

Compressed 
Channel Outout 

0 -  75 

76- 185 

186 - 253 

254 

255 

256 
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operated in a flip-flop mode, every 4 seconds, for 
continuous data accumulation While one 
memory was storing data, the other was being 
transferred to magnetic tape 

Figure 4 shows the REDAR data acquisition 
system 

Figun 4 REDAR DATA ACOUlSlTlON SYSTEM 

4.2 Helicopter Positioning Method 

The helicopter position was established using 
two systems a TrisponderlPOPA microwave 
ranging system and an AL-101 radio altimeter 
The Trisponder master station, mounted in the 
helicopter, interrogated two remote transceivers 
outside the survey area By measuring the 
roundtrip propagation time between the master 
and remote stations, the master computed the 
distance to each These distances were recorded 
on magnetic tape once each second They were 
converted to position coordinates for the steering 
indicator to direct the aircraft along the 
programmed flight line The radio altimeter 
similarly measured the time lag for the return of a 

pulsed signal and convertec this 1 aircraft 
altitude For altitudes up to 1500 m the accuracy 
was 20 6 m or +2%, whichever was greater These 
data were also recorded on magnetic tape so that 
any variations in gamma signal strength caused 
by altitude fluctuations could be compensated 

The detectors and electronics systems which 
accumulated and recorded the data are 
described in considerable detail in a previous 
report 2 

5.0 DATA PROCESSING 

Data processing was begun in the field with the 
Radiation and Environmental Data Analysis and 
Computer (REDAC) system This is a computer 
analysis laboratory mounted in a mobile van 
(Figure 5) The van and the aircraft were based at 
Jeffco airport in Broomfield, Colorado during the 
survey operations 

Figun 5 MOBILE COMPUTER PROCESSING 
LABORATORY 

The REDAC system consists primarily of two 
Cipher Data Products tape drives, a Data General 
NOVA 840 computer, two CalComp plotters, a 
Texas Instruments thermal terminal, and a 
Tektronix CRT display screen with a hard copier 
A block diagram of the system is shown in Figure 
6 The computer has a 64 kbyte core memory and 
an additional 2 5  Mbyte disc memory An 
extensive series of software routines are available 
for data processing 
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Figun S REDAC ANALYSIS SYSTEM BLOCK DIAGRAM 

Gamma spectral windows can be selected for any 
portion of the spectrum Weighted combinations 
of such windows can be summed or subtracted 
and the result plotted as a function of time or 
position By the proper selection of windows and 
weighting factors, it is possible to extract the 
photopeak count rates for radioisotopes 
deposited on the terrain by human activity Such 
isotopes disturb the pattern of natural soil 
radioactivity These photopeak count rates can 
then be converted to isotope concentrations or 
exposure rates Spectral data can be summed 
over any portion of a survey flight 

The spectral data can be decompressed into a 
linear plot The REDAC displays the linear 
spectral data or plots it on the incremental plotter 
for an isotopic identification 

6.0 DATA ANALYSIS 

The aerial radiation data consisted in general of 
contributions from the naturally occurring 
radioelements, aircraft and detector background, 
and cosmic rays For this survey, the major 
emphasis was placed on extracting that 
component arising from man-made radioactivity 
Isopleth maps were produced by processing the 

data in different ways gross count, man-made 
gross count (MMGC), and low energy photopeak 
count rate extractions 

6.1 Gross Count 

The gross count method was based on the 
integral counting rate in that portion of the 
energy spectrum between 0 05 MeV and 3 0 MeV 
This count rate (measured at survey altitude) was 
converted to exposure rate at the 1 m above 
ground level by application of a predetermined 
conversion factor This factor assumes a 
uniformly distributed source covering an area 
which is large compared with the field-of-view of 
the detector (approximately 200 to 300 meters at 
the survey altitude of 46 meters) For a finite 
source distribution which is small compared to 
the field-of-view of the detector system, it is 
necessary to modify the exposure rate values by 
utilizing the data in Table 2 The exposure rate 
values could be one to two orders of magnitude 
higher for an area with a source localized in a 
small area 

Table 2. Correction Factors Versus 
Area of Contamination 

Diameter of 
Contaminated Circular 

Area (meters) 
~ 

5 

10 

25 

50 

100 

200 

300 

0 

Correction 
Factor 

~ 

300 

lo0 

10 

6 5  

2 5  

1 2  

1 0  

1 0  

6.2 Man-Made Gross Count 

The MMGC rate algorithm is designed to sense 
the presence of changes in spectral shape Large 



12 I I changes in gross counting rates from natural 
radiation usually produce only small changes in 
spectral shape because the natural emitters 
change in more or less constant ratio as the 
detector moves from one location to another The 
algorithm senses counts in the lower portion of 
the spectrum in excess of those predicted on the 
premise that these counts bear a constant ratio to 
counts in the upper portion Since the algorithm 
IS designed to be most sensitive to man-made 
nuclides, the spectrum dividing line is chosen at 
an energy (1 4 MeV) above which most long- 
lived, man-made nuclides do not emit gamma 
rays It is analytically expressed in MeV as 

MMGC = Z(0 05-1 36)-KZ (1 40-3 00) 

The counts in the upper energy window (1 40 to 
300 MeV) are multiplied by a constant, K, to 
equal the counts in the lower energy window 
(005 to 1 39 MeV) and the resultant MMGC is 
equal to zero for areas containing normal 
background radiation 

Spectral data from the survey revealed that all of 
the gamma rays from the man-made isotopes had 
energies less than 1 4 MeV Therefore, the MMGC 
extraction technique was used to locate man- 
made activity in the survey area 

The man-made gross count algorithm is general 
and will respond to a wide range of nuclides The 
result of using this generality is the lack of 
sensitivity to specific nuclides If the search 
nuclide is known, more sensitive algorithms can 
be devised 

6.3 Low Energy Data 

The low energy radiation data were processed 
specifically for 24lAm Normally occurring 
background contributions within the 241Am 
photopeak window were removed by subtracting 
two weighted background windows located on 
each sideof the photopeak window The resulting 
photopeak count rate data could then be 
converted to isotope concentration on the 
ground 

Table 3 gives the correction factor for a finite 
241Am source which is smaller than the field-of- 
view of the detector system 

'able 3. Finite 241Am Source Correction 
Factors  Versus Area  0 1  
Contamination 

Source Diameter 
(meters) 

10 

20 

40 

60 

80 

100 

140 

> 140 

Correction 
Factor 

37 

9 

3 5  

2 2  

1 6  

1 3  

11  

1 0  

6.4 Minimum Detectable Activity 

Table 4 indicates the minimum detectable activity 
for several isotopes as a function of source 
geometry for the aerial system as employed in the 
Rocky Flats survey The radioactivity was 
assumed to be distributed exponentially with 
depth in the soil according to the following 
equation 

S, = S: eeaZ 

where 

St = the soil activity per gram at the surface 
S, = the soil activity per gram at a depth z, and 
a = the reciprocal of the relaxation depth 

The total activity per unit area can then be written 
as 

S A  = p JSVdZ = (2) p 
where p is the soil density 

It was assumed in Table 4 that no additional 
shielding existed between the source and the 
detector array It was further assumed that 
distributed sources were spread over an area 
comparable to several times the survey altitude 
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Table 4 Minimum Detectable Activity for 
Several Selected Radioisotopes as a 
Function of Source Geometries. 

isotope 

241Am 

137cs 

wco 

- 

238U 

Surface Sources - 
Point 

Source 
(mCi) 

5 8  

0 5  

0 3  

900 

- 
Distributed 

Source 
(pCi/m*) 

Q I = o o  

0 8  

0 08 

0 04 

10 0 

Volume 
Source (9)- 

Y = 10cm 

28 6 

1 3  

0 7  

200 0 -- 
'Assuming a survey altitude of 46 meters 

"Conversion factor to pCi/g relate to the average 
value of a 5 cm deep soil sample 

7.0 RESULTS 

7.1 Gross Count Exposure Rate Isopleth 

The terrestrial exposure rate isopleth (Figure 7 )  is 
superimposed on a photograph of the Rocky 
Flats area The exposure rates are expressed in 
units of microroentgens per hour (pR/h) at 1 m 
above ground level The isopleth includes a 
cosmic ray exposure rate of 5 6pR/h The gross 
count exposure rate isopleth is the total exposure 
rate from natural radionuclides in the soil, man- 
made sources, and cosmic rays A typical 
background spectrum of the natural  
radionuclides in the Rocky Flats area is shown in 
Figure a 

7.2 Man-Made Gross Count Isopleth 

The presence of man-made activity was detected 
in the immediate vicinity of the Rocky Flats Plant 
The data in this area have been plotted in an 
expanded scale for better resolution of the 
location of the man-made activity 

Figure 9 is the MMGC isopleth expressed in 
counts per second The count rate is an indicator 
of the magnitude of the intensity of the sources 
The numbered sections on the isopleth are 
regions where spectral data have been extracted 

The spectral data from Areas 1 through 7 are 
plotted in Figures 10 through 16 The most 
probable isotopes responsible for the man-made 
activity are indicated on each spectrum 

A net spectrum over an anomalous radiation area 
is obtained by removing the natural background 
from the spectrum This is accomplished by using 
the high energy window (1  40 to 3 00 MeV) as a 
background monitor A background spectrum is 
accumulated in an area that does not indicate 
man-made activity After normalizing the 
spectrum over the area of interest and the 
background spectrum with the high energy 
window, the data are subtracted The result is a 
net spectrum of man-made activity 

7.3 Low Energy 241Am Isopleth 

The photopeak count rates due to 241Am are 
plotted in Figure 17 The isopleth is plotted in 
units of counts per second The count rate data 
can be converted to the desired units by utilizing 
the conversion factors in Table 5 The 241Am 
source can be distr ibuted in various 
ways uniformly distributed on the surface of the 
ground (a = m), uniformly distributed in the soil 
(QI = o), or the source could be exponentially 
distributed in the soil with values of QI any place 
between these limits In all of the above cases, the 
source is assumed to be uniformly distributed to 

in the lateral direction Multiplication of the 
count rate data in Figure 17 by the conversion 
factors in Table 5 will convert the data to the 
desired activity units for a specific vertical 
distribution of the activity 

Table 6 can be used to convert the count rate data 
to units of activity for a point source of 241Am on 
the surface of the ground The conversion factors 
are given for various lateral displacements of a 
point source which could be a maximum of 38 m 
to the side of the aircraft with a flight linespacing 
of 76 m 

Area 8 in Figure 17 was not indicated in the man- 
made isopleth The241Am activity was insufficient 
to be detected using the MMGC extraction 
technique The three window extraction 
technique described in Paragraph 6 3 was used to 
determine the 241Am activity in Figure 17 The 
spectral data from Area 8 are shown in Figure 18 

I L- . 

. 



1 

I 1 
i, * '  



15 

w 

G a 
L J W  
at- 

rc 

L O  

+ e 6  

+,Y 

+. 2 

+.O 

+. 0 +. 5 1.0 1,s 2.0 2. s 
ENERGY (MEW 

SPECTRUM NO. 27SC9,ll) BKG 
DFITE 8/19/81-3 
LIVE TIME (MINI +. 188 
INTEGRATED CT. +. 101001 lE+06 
TYPE TYPICAL BKG,ROCKYFLBTS,CO 
FILTITUOE I S 0  FEET 
RIRCRAFT 6010s 

Figun 8 TYPICAL BACKGROUND SPECTRUM 



t 



J w z 2 
I v 
E1I 
W e 
v) 
i- 
t 
3 
0 v 

a 

17 I 

L O  

+e 8 

+.s 

+e Y 

+e e 

+. 0 

+e 0 +. S 1.0 ies e. 0 e. 5 9. 0 

ENERGY CMEV) 

SPECTRUM NO, 203C'tl>-CS2>NET 
DRTE 8/1W81-2 
LIVE T I M E  CMIN) +. 868 
INTECRfiTED CT. +. 2993 102E+0S 
TYPE LINE=L)3, AREfWI, ROCKYFLRTS, CO 
RLTITUDE l S 0  FEET 
PIIRCRRFT 8010s 

Figuro 10 SPECTRAL DATA FROM AREA 1 

_ -  



l e 0  

+. 8 

+e 6 

+.Y 

+. 2 

+. 0 

18 
. . . . f 

LOW ENERGY SCATTER 
(NO IDENTIFIABLE PHOTOPEAdS) 

/ 

+ e 0  +. S 1.0 ies 2.0 
ENERGY CMEV) 

2. s 3.0 

SPECTRUM NO. 193C31)- C92)NET 
DBTE 8/11)/81-2 
LIVE TIME (MINI +.058 
INTEGReTED CT. +.W70892E+0S 
TYPE LINE=38, AREfV2, ROCKYFLRTS, CO 
RLTITUDE l S O  FEET 
A I RCRfiFT BO i 05 

I I Figure 11 SPECTRAL DATA FROM AREA 2 



L O  

+ e 8  

+. 6 

+,Y 

+*2 

+*O 

I 1 

I 
a .  

.. 
a .  

19 

+,O +*s 1.0 1,s 2.0 

ENERGY CHEW 

SPECTRUM NO. 193C32)-C’t2)NET 
DBTE 8/11)/81-2 
LIVE TIME CMIN) +m0S7 
INTEGRATED CT. +. S87327SE+0S 
TYPE LINE=38,AREA#3,ROCKYFLATS,CO 
ALTITUDE lS0  FEET 
AIRCRAFT B010S 

FIgurc 12 SPECTRAL DA TA FROM AREA 3 



J w z z 
I 
V 
CY 
W e 
v) 
t- z 
3 
0 
U 

a 

1.0 

+m8 

+. 6 

+. 9 

+.2 

+. 0 

20 

+.O +. 5 1.0 1.5 2.0 

ENERGY (MEW 
2. s 3.0 

SPECTRUM NO. 191 C92, V3>-CS3, SWNET 
DBTE 8AW81-2 
LIVE TIME (MINI +. 121 
INTEGRnTED CT. +,WlW29E+05 
TYPE LINE=37, AREWL), ROCKYFLATS, CO 
RLTITUDE 1 5 8  FEET 
RIRCRRFT 6010s 

Flgurr 13 SPECTRAL DATA FROM AREA 4 



21 

1.0 9 . . 
w 

. 
.D 

+.e ” 
(ID 

+.6 4 ’  POSSIBLE 241Am ( I D  ;;c POSSIBLE 239Pu 4 B  

(ID 

a ,  

1 

+*L( 

a;< 1: 
+.e a 

+*o e 

i * . . . . b 

l i  

(ID 

4 D  

a D  

SPECTRUM NO. 187 <L)0)-CS0> NET 
DATE 8/1W81-2 
LIVE T I M E  CMIN) +.061 
INTEGRATED CT. +.173887X+0S 
TYPE LINE=3S,ARER#S,ROCKYFLRTS,CO 
ISLTITUDE 150 fEET 
FSIRCRAFT BOIBS 

Flgure 14 SPECTRAL DATA FROM AREA 5 



1.0 

+.8 

+.6 

+.9 

+.e 

+.O 

+ . 1 

.. 
I .  

a .  

z41Arn 
I .  

a .  

a .  f 

22 

+. +so. 100. ¶so. 200, 

ENERGY CKEVI 
250. SOO. 

SPECTRUM NO. 181 C2W-C3WNET 
DBTE 8/1L+/81-2 
LIVE T I M E  CMIN) +,061 
INTEGRflTED CT, +.1301876E+05 
TYPE LINE=32,fiREfW,ROCKYFLfiTS,CO 
ALTITUDE is0 FEET 
PIIRCRAFT 6010s 

Figur8 15 SPECTRAL DATA FROM AREA 6 



23 

i LJ + a 8  
J 
Q: v 
v) 

t 

J 
W z z a r v 

+a 6 

v) + z 
3 
0 v 

i 
3 
0 v 

+ a e  

rc 

+. 0 
a 

+ a 0  + a s  l a 0  1,s 2ao 3 a O  

ENERGY C M E V I  

SPECTRUM NO. 177C2W-C3WNET 
DATE 8/11)/81-2 
LIVE T I M E  CMIN) +. 062 
INTECReTED CT. +. 957 139L)E+0L) 
TYPE 
RLTITUDE l S 0  FEET 
AIRCRAFT B010S 

L I NE=30, FSREtW 7, ROCKY FLATS,  CO 

Figure 16 SPECTRAL  DATA FROM AREA 7 





' 

Table 5. 241Am Conversion Factors 
lelaxatior 

Depth 
a (cm-1) 

Infinite 

10 0 

3 0  

2 0  

1 0  

0 33 

0 20 

0 14 

0 10 

0 

- 

- 

y/crnz-se( 

0 0112 

0 0118 

0 0132 

0 0142 

0 0171 

0 0287 

0 0401 

0 0515 

0 0686 

- - 

- 
uCi/m2 

0 0084 

0 0088 

0 0099 

0 0107 

0 0129 

0 0215 

0 0301 

0 0387 

0 0515 

- 

- - 

pCi/g - - 
0 1179 

0 1319 

0 1420 

0 1704 

0 2329 

0 2539 

0 2633 

0 2703 

0 2855 - 

- 
pCi/g" - - 
0 0589 

0 0659 

0 0710 

0 0858 

0 1385 

0 1737 

0 1961 

0 2171 

0 2855 - 
'Average activity of a 5 crn deep Mil 

*oAverage activity of a 10 cm deep roil 

mmple 

umplr 

8.0 SUMMARY 

The survey results indicate the presence of U'Am, 
2J9Pu, and 234"Pa The 234"Pa IS a daughter product 

rable 6. 241Am Point Source Conversion 
Factors 

Lateral 
Displacement counts per SeCOnd' 

0 

9 

18 

27 

36 

45 

0 058 

0 061 

0 073 

0 097 

0 137 

0 200 

25 

'Awuming an aircr8ft velocity of 31 rn/aec and an 
aititude of 46 m 

in the decay chain of uranium The major portion 
of the activity was detected over buildings which 
are known storage and working areas The 
activity in the buildings is part of the normal 
operations at the Rocky Flats Plant 

Some "'Am was detected outside the building 
area The activity is in a controlled area and 
maintained by the Rocky Flats personnel No 
man-made activity associated with the operation 
of the Rocky Fiats Plant was found outside the 
plant boundaries 
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STANDARD SOIL VAPOR SAM PLING PROCEDURES 

SOIL VAPOR COL LEcTllO N 

A Yamaha Terrapro ATV wth a hydraulic probing ng mounted to it has been used 

successfully in the Rocky Flats area to collect soil gas, soil, and ground water samples. The 

hydraulic probing ng is capable of drivlng 1 inch diameter probe rods to 35 foot depths in 

20 mnutes, and collecting 50 soil vapor samples from a depth of 4 feet in an 8 hour penod 
It is also capable of cutting through 16 inches of concrete in less than 5 minutes The 

Yamaha Terrapro ATV ng is 47 inches in wdth and 87 inches in length, whch allows it to 

go into very tight places where bigger van-mounted hydraulic rigs cannot. In sod vapor 

sampling this capability of sampling in very tight places can be a distinct advantage. 

Soil vapor samples wll be collected wth a retractmg tip vapor sampling probe. The 

sampling probe wll be driven to the sampling depth and the probe tip retracted by pulling 

the probe upward approxlmately six inches Immediately prior to collection of the sod vapor 

samples, the sampling probe w11 be fully evacuated by withdrawing approximately three 

volumes of vapor from the tip and tubing wth a 60 cubic centmeter plastic syringe. The 

soil vapor samples wll be collected from the sampling probe wth a 500 mcroliter (uL) 
analytical synnge The 500 uL vapor samples wdl be analyzed immediately after collection 

in a mobile laboratory for the desired compounds 

DECONTAMINATION AND OUALITY CO NTROL PROCEDURES 

The retracting tip of the soil vapor sampling probe and the three foot probe rods themselves 

will be thoroughly washed wth distilled water and a laboratory-grade detergent before the 

collection of each sample In addition, the soil vapor sampling probe wdl be fitted wth new 

polypropylene tubing 
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Before collection and analysis of the soil vapor samples, the retracting tip, tubmg, and 

sampling septa fitting of the sampling probe, and the 500 uL glass synnge wll be tested for 

contamnation Imtially, atmosphenc air wll be used as the blank testing vapor. If one of 
the target compounds is present at detectable concentrations in the atmosphenc ar blanks, 

helium w11 be used as the blank testing vapor for the other samples. For the helium blanks, 

UPC-grade helium wll be purged through the probe as the retractmg tip is closed and 

sealed wth parafilm A septa fitting wll be immediately placed on the tubing The helium 

wdl be allowed to equilibrate wth the sampling probe for several rmnutes and a 500 uL 
sample will be taken with a glass synnge and injected into the gas chromatograph for 
analysis 
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STANDARD SOIL SAMPLING PROCEDURES 

EQUIPMENT USED -AW-MOUNTED HYDRAULIC PROBING RIG 
-KANSAS STAINLESS STEEL SAMPLER 
-ONE INCH 0 D STEEL PROBE PIPE 
-STAINLESS STEEL EXTENSION ROD 

PROCEDURE 

All equipment is decontamnated using a laboratory-grade detergent solution 

applied by a pressure washer The equipment is then rinsed wth distdled- 

deionized water 

. A 1 inch diameter pilot hole is made by the hydraulic probing mg to within 

one foot of the desired sampling depth 

The Kansas Soil Sampler (KSS) is attached to the probe pipe and lowered to 

the bottom of the borehole 

. The tip of the KSS is hydraulically dnven to the top of the interval to be 

sampled 

A stainless steel extension rod is then inserted into the probe pipe and used 

to release the piston mthin the sampler The KSS is then dnven one foot 

resulting in a perfect core being taken from the sample interval 

The KSS is then brought to the surface where the soil is removed from the 

stainless steel sampler and placed into an appropriate sample jar 
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a SPECIAL NOTE Because the KSS is locked in a closed position until being dnven to 

the top of the sample interval, it avoids the problem of cawng and 
contamnation from uphole 
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EQUIPMENT USED -ATV-MOUNTED HYDRAULIC PROBING RIG 

-WELL POINT SAMPLER 

-ONE INCH 0 D STEEL PROBE PIPE 

-TEFLON TUBING 

-PERISTALTIC OR VACUUM PUMPS 

-WATER SAMPLING KIT 

PROCEDURE 

The equipment is decontaminated using a laboratory-grade detergent solution 

applied by a pressure washer The equipment is then rinsed with distilled- 

deiomzed water 

A 1 inch diameter pilot hole is made by the hydraulic probing rig to within 

one foot of the top of the ground water table 

The well point sampler is attached to the probe pipe and lowered to the 

bottom of the borehole 

. The well point sampler IS then driven into the ground water by the hydraulic 

ng The well point is allowed to collect water through perforations for a 
period of usually 30 to 60 minutes 

The ground water which accumulates in the well point can then be pumped 

to the surface Teflon tubing is inserted through the probe pipe into the well 

point A pump (either penstaltic or vacuum) is used to pump the ground 

water to the surface and into the water sampling lut. The ground water is 
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then poured from the water sampling wal directly into a 40 rmlliliter wal for 
laboratory analysis 
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. Both the outside and inside of the 1 inch diameter steel probe pipe are 

decontamnated using a laboratory-grade detergent solution applied by a pressure 

washer The equipment is then rinsed with distilled-deiomzed water. 

A 1 inch diameter pilot hole is made to the bottom of the interval to be sampled. 

. A 2 foot long stainless steel woven screen ground water sampling implant is inserted 

through the probe pipe to the bottom of the interval to be sampled The probe pipe 

is then removed The implant is connected to the surface wth teflon tubing. 

. A rmxture of 50-100 mesh rounded glass beads are poured through the annular space 

for the purpose of creating a permeable layer around the ground water implant 

Next, either bentomte pellets or a mlxture of bentomte and glass beads is poured 

into the hole to seal the annulus above the ground water implant. Finally, the hole 

is backfilled wth sterile sand 

The top of the teflon tubing is sealed, then placed inside of a protective cap which 

is grouted into paved surfaces 

After waiting as long as is necessary, a water level can be deterrmned by inserting a 

miniature water level indicator through the teflon tubing At that point a penstaltic 

pump (or in some situations a vacuum pump) can be used to purge the tubing and 

bring a ground water sample to the surface 
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ALTERNATIVE PROCEDURE WHEN SAM PLE DEPTH 1s 

BELOW THE CAP ABILITY 0 F THE PERISTALTIC PUM P 

/28 FEET AT SEA LEVEL) OR WHEN A GROUND WA TER 

SAMPLE MUST BE BAILED RATHER THAN PUMPED 

Both the outside and inside of the 1 inch diameter steel probe pipe are 

decontamnated using a laboratory-grade detergent solution applied by a pressure 

washer The pipe is subsequently nnsed wth distilled-deiowed water. 

. A 1 inch diameter pilot hole is made to the bottom of the interval to be sampled 

The steel pipe is then removed from the hole 

Flush joint monitor screen and pipe is driven to the bottom of the hole The pipe 

and screen are manufactured from NSF approved polyvinyl chloride (PVC) materials 

that meet or exceed ASTM Schedule 40 and Schedule 80 speafications. 

. Both the slot size and spacing can be tailored to the requirement for open screen 

area The standard combination is a 0 032 inch slot wth 0 25 inch slot spacing 

. The top of the pipe is then capped and a protective covenng is grouted into the 

surface 

. After waiting as long as is necessary, a water level can be deterrmned by means of 
a mmature water level indicator The well can then be purged and sampled using 

stainless steel mim-bailer (20 inches in length by 7/16 inches in outer diameter wth 

recovery of 20 ml of groundwater per run) 
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FIELD ANALYTICAL EOU IPMEm 

Maxlvans wth raised fiberglass roofs w11 be used to house the laboratones These 

laboratories are fully insulated, a r  conditioned, and heated to mamtain umform 

temperatures The mobile laboratories w11 have their own generators as a power source 

The laboratones wll be equipped wth refrigerators for storage of samples and standards 

at proper temperatures 

The mobile laboratory w11 have two laboratory grade temperature programmable gas 

chromatographs SRI 8610 - 50 gas or equivalent chromatographs wll be equipped with 

multiple photoionization (PID), flame ionization (FID), and electron capture (ELCD) 
detectors These detectors allow EPA 8010, 8015, and 8020 methods to be conducted. 

Confirmation columns of dissimilar length and polarity can also be used These gas 

chromatographs wll have sensitiwty down to parts per billion (ppb) level in the field Soil 

vapor can also be analyzed for volatile organics using EPA Method 8270 by gas 

chromatography/mass spectrometry (GC/MS) using the Hewlett-Packard 5890 II GC in 
conjunction wth the HP 5971A Mass Selective Detector, or equivalent. The gas 

chromatograph and the GC/MS can serve as backups for each other in case of field 

breakdowns In addition, the gas chromatographs w11 also have purge & trap (EPA Method 

5030) capabilities This allows the analysis of ground water and soil samples wth sensitimty 

extending to parts-per-tnllion (ppt) levels 
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DOCU MENTATION OF ACTMTIES 

All sample analyses wll be documented and filed permanently by the contractor. 

An imtial field report of the results is provlded on-site as the data is being generated The 

final report wll include site maps wth sample locaQons, overall summary of sampling 

procedures, soil conditions, analytical results, and recommendations 

Two different types of data packages can be prepared. The difference between these 

packages is in the level of quality control and quality assurance (QA/QC) performed. These 

levels of QA/QC, recognized as industry standards for field methods and sites laboratones, 

are taken from EPA publications 

Level I This is a qualitative screen, and the data is only sem-quantitative. The 

numbers provided are used to compare the relative concentrations of analytes 

from one sample point to another. This is useful for quickly mapping the 

nature and spread of contamnation on a site A single standard is run to 

assure the desired practical quantitation limt (PQL) 

Level I1 The data is both qualitative and quantitative The data package includes 

continuing calibrations, blanks, matrlx spikes, and matm spike duplicates 

This type of data is legally defensible but cannot be produced quickly. The 

extra analytical runs required to provlde the complete QA/QC package 

almost doubles the time to run a set of samples. While the data is defensible, 

it is not produces as quickly as the Level I data 
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